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ABSTRACT

This report presents an evaluation of the Saturn S-1VB-206
stage acceptance firing that was conducted at the Sacramento
Test Center on 19 August 1966. An engine performance
verification firing was accomplished on 14 September 1966,
Included in this report are stage and ground support equip-

ment deviations associated with the acceptance firing

~ configuration.

The acceptance firing test program was conducted under
National Aeronautics and Space Administration Contract
NAS7-101, and established the acceptance criteria for

buyoff of the stage.
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PREFACE

The purpose of this report is to document the evaluation
of the Saturn S-IVB-206 stage acceptance firing as performed

by Douglas personnel at the Sacramento Test Center.

This report, brepared'unéer Mational Aeronautics and Space
Administration Contract NAS7-101, is issued in accordance
with the contractual requirements of Douglas Report

No. SM-41410, Data Submittal Document, Saturn S-IVB System,
dated 1 December 1965.

This report evaluates stage test objectives, instrumentation,
and configuration deviations of the stage, test facility, and

ground support equipment.
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INTRODUCTION

1.1 General

This report was prepared at the Douglas Huntington Beach Space Systems

" Center by the Saturn S-IVB Test Planning and Evaluation (TP&E) Committee

for the National Aeronautics and Space Administration under Contract

NAS7-101.

Activities connected with the Saturn S-IVB-206 stage included prefiring
checkout and the acceptance firing. Checkout started at the subsystem
level and progressed to completion with the integrated systems test and
the simulated static firing. The infofmation contained in the following
gsections documents and evaluates all events and test results of the
acceptance firing which was completed on 19 August 1966. A 70-sec engine
performance verification firing on 14 September 1966 was required when
the LOX turbopump was replaced after the acceptance firing. The tests
were performed at the Complex Beta Test Stand III, Sacramento Test

Center (STC).
1.2 Background

The S-IVB-206 stage was assembled at the ﬁuntington Beach Space Systems
Center. A checkout was performed in the vertical checkout laboratory

(VCL) prior to shipping the stage to STC. The stage was installed on

‘the test stand on 30 June 1966 and was.ready for acceptance firing on

16 August 1966.

The APS modules were shipped to.the manufacturing and assembly (M&A)
building at STC for leak and functional checks. No confidence firings

of these modules were scheduled.

Table 1-1 lists the milestones of the Saturn S-IVB-206 stage events and

dates of completion.

1.3 Objectives

All test objectives outlined in Douglas Report No. SM-47456A, Saturn
S-IVB-206 Stage Acceptance Firing Test Plan, dated May 1966 and revised

August 1966 were successfully completed.



Stage accepténce objectives which.provided maximum system performance

evaluation were as follows:

“ae.

k.

Cpuntdown control and opératiqﬁ capabiiity verificatidn“
*J-2 engine system performance ve:ificatio@

Oxidizer system performance verification

Fuel system-performance'verification

éneumatic control system perforﬁance verification
'Pfdpellant utiliiation'system performance verification
“Stage data acquisition system perfqrﬁance verification

Stage electrical control and power system performance verification

Hydraulic system and J-2 engine gimbal control performance

verification

" Structural integrity verification

APS stage interface compatibility verification.

* This objective was verified during the 70-sec engine performance
- verification firing. : : ‘ ,

3
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- TABLE 1-1
MILESTONES, SATURN S-IVB-206 STAGE

EVENT

COMPLETION DATE

Tank Assembly

Prbof Test

Insulation and Bonding

Stage Checkout and Join J-2 Engine

Systems Checkout

Ship to STC

Stage Installed on Test Stand

Ready for Acceptance Firing

Acceptance Firing

Engine Performance Verification Firing

Stage Received at VCL

All Systems Test

Ready to Ship to KSC (DD 250 Signed)

15 October 1965

8 November 1963

14 January 1966

5 April 1966

27 May 1966

30 June 1966

8 July 1966

16 August 1966

19 August 1966

‘14 September 1966

4 October 1966

17 October 1966

31 October 1966
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SUMMARY

- The S-IVB-206 stage was acceptance fired on 19 August 1966 at Complex Beta,

Test Stand III, Sacramento Test Center. The countdown was designated
as CD 614070. The mainstage firing duration was 433.7 sec; engine cutoff

was initiated by the observer due to LH2 pump inlet conditions.

A routine postfiring LOX turbine swab check revealed numerous metallic
particles in the turbopump. The turbopump was replaced, necessitating
a short~-duration J-2 engine refiring to calibrate the new pump to the

J-2 engine.

The engine performance verificatibn firing was successfully accomplished
on 14 September 1966. The countdown was designated as CD 614072. The
mainstage duration was 66.6 sec and engine cutoff was initiated from the

test operator's console as planned.

2.1 Countdown Operations

Countdown 614069 was terminated after one day in order to imstall
vibration measurements on the LOX low pressure feed duct. Countdown
614070 was then initiated and proceeded smoothly to a successful
acceptance firing on 19 August 1966. All objectives of the acceptance

firing test plan were satisfied.
Two anomalies were experienced during this countdown.

a. During Integrated System Test, (IST) a lead gas ignitor

malfunctioned and was replaced.

b. During LOX loading, No. 3 LOX level depletion sensor cycled
several times. After a few minutes, the sensor indicated

wet and operated normally throughout the rest of the countdown.

Countdown 614072 was uneventful and proceeded smoothly to a successful
short-duration verification firing on 14 September 1966. No anomalies
were experienced during the countdown, and the J-2 engine performance

verification objective was satisfied.



2.2 J-2 Ecgine System

The J-2 englne (S/N 2046) performed satlsfactorily throughout the
acceptance firing except for the LOX turbopump malfunction. The LOX
turbopump was replaced and the engine performance during the short
duration verification firing showed satisfactory engine operation with

the new LOX turbopump.

The J-2 ehgine performance was reconstructed from engine start to engine
cutoff for both the stage acceptance firing and the engine performance

verification firing.

2.3 Oxidizer System

The oxidizer system functioned adequately, supplying LOX to the engine
pump inlet within the specified operating limits. The available net
positive suction head (NPSH) at the LOX pump inlet exceeded the

manufacturer's minimum requirement at all times.

2.4 Fuel System

The fuel system performed as designed and supplied LH2 to the engine
within the limits defined in the engine specification. Evaluation
indicated pressurization, chilldown, and supply functions were nominal

in all respects.

2.5 Pneumatic Control and Purge System

The pneumatic control and purge system:performed satisfactorily through-

out the acceptance firing. The helium supply to the system was adequate
for both pneumatic valve control and purging; the regulated pressure
was maintained within acceptable limits and all components functioned

normally.

2.6 Propellant Utilization (PU) System

The PU system accomplished all the design objectives as listed in DAC
Report No. SM-47456, Saturn S-IVB-206 Stage Acceptance Firing Test Plan.

- R
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2.7 Data Acquisition System

The data acquisition system performed satisfactorily ﬁhroughout the
acceptance firing and the engine performance verification firing. One
hundred and seventy-six measurements were active of which six failed
during the acceptance firing and eight failed during éhe engine verifica-

tion. This resulted in a measurement efficiency of 97 percent for the

i acceptance firing and 95.5 percent for the engine verificationm.

2.8 Electrical Power and Control Systems

The electrical power and control systemé performed satisfactorily through-

out the acceptance firing.

2.9 Hydraulic System

The hydraulic system operated properly supplying pressurized fluid to the
servo-actuators. All specified test objectives were achieved and all

system variables operated within design limits.

2.10 Flight Control System

The dynamic response of the hydraulic servo-thrust vector control system
was measured while the J-2 engine was gimbaled during the acceptance
firing. The performance of the pitch and yaw hydraulic servo control

systems was found to be acceptable.

2.11 Structural System

Structural integrity of the stage was maintained for the vibration,
temperature, and thrust load conditions of both the acceptance firing and
the engine performance verification firing. Minor structural debonding of
supports in the tunnel areas occurred. Also, the aft skirt purge meﬁbrane
separated from the LOX dome during both firings and minor unbond of the

LH2 tank fiberglas cloth liner was detected after the firings.

2.12 Thermoconditioning and Purge System

The thermoconditioning and purge system functioned properly during both
firings. All system temperatures and flowrates were maintained within

design limits.
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2.13 Acoustic and Vibration Environment

A total of 14 vibration measurements were monitored during the acceptance
and engine verification firings. Eleven measurements provided usable
data; two measurements provided data usable only for trend purposes, and

one measurement provided no data. No acoustic measurements were

monitored.

There was no evidence of any vibration problems during either firing.
There was an anomaly in the LOX feedline data during the acceptance
firing; however, the instrumentation systems were changed and good data

were obtained during the engine verification firing.

2.14 Reliability and Human Engineering

All functional failures of Flight Critical Items and Ground Support
Equipment/Special Attention Items were investigated by Reliability

Engineering. A Human Engineering evaluation has been conducted in support

of the acceptance firing and recommendations for changes to the operation

have been taken into consideration.

i
]
]
]
]
]
7
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TEST CONFIGURATION

This section describes the stage and ground sﬁpport equipment (GSE) devi-
ations and modifications from the flight configuration affecting the ac-
ceptance firing. Additional details of specific system modifications are
discussed in appropriate sections of this report. Details of the
S-IVB-206 stage configurations are presented in DAC(Report No. 1B62934,
S-IVB-206 Stage End-Item Test Plan.

Figure 3-1 is a schematic of the S-IVB-206 stage propulsion system and
shows the telemetry instrumentation transducer locations from which the
test data were obtained. The functional components are listed in

table 3-1. Hardwire measurements are noted in the appropriate subsystem.
schematics included in this report. The propulsion system orifice
characteristics and pressure switch settings are presented in tables 3-2

and 3-3. J-2 engine S/N 2046 was installed.

The propulsion GSE (figure 3-2) consisted of pneumatic consoles "A" and
"B", two propellant fill and replenishing control sleds, a vacuum system

console, and a gas heat exchanger.

3.1 Configuration Deviations

Configuration deviations required for the acceptance firing are discussed

in DAC Report No. SM 47456A, Saturn S-IVB-206 Stage Acceptance Firing

Test Plan. Significant configuration changes to the stage and GSE are

discussed in the following paragraphs.

3.1.1 Engine Restrainers

J-2 engine unlatch restrainer link kit. Model DSV-4B-618, was installed to

restrain the engine during start transient side loads.

3.1.2 Quick Disconnects

The stage-mounted portions of the pneumatic and propellant umbilical quick

disconnects were replaced by hardlines.



f

3.1.3 Engine Diffuser

_ A water-cooled converging diffuser, Model DSV-4B-639 engine bell extension
service unit, was installed to the engine thrust chamber exit to reduce
‘the nozzle area ratio and the probability of jet-separation-induced side

loads.

3.1.4 Auxiliary Pressurization

An auxiliary propellant tank pressurization system was installed and was

supplied from a GSE ambient helium source.

3.1.5 Propellant Fast Fill Sensors

‘Propellant loading fast fill sensors were installed on the instrumentation

probes but were used in the indicating mode only.

3.1.6 Stage Vent and Bleed System

All stage propellant vent and bleed systems were connected to the

facility vent system.

3.1.7 Forward Skirt Cooling

The forward skirt thermoconditioning system coolant was supplied by a
Model DSV-4B-359 servicer, rather than the flight source in the instrument

unit.

3.1.8 Aft Interstage

The stage was mounted on a Model DSV-4B-540 dummy aft interstage instead
of the flight interstage.

3.1.9 Fire Detection System

A resistance wire fire detection system was installed in critical areas

of the stage, GSE, and facilities.

3.1.10 GH2 Detectors

GH2 leak detectors were installed in critical areas of the étage, GSE,

and facilities.

10
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3.1.11 Blast Detectors

Blast detectors were installed in the test area to monitor an overpressure

range of 0 to 25 psi overpressure.

3.1.12 Auxiliary Propulsion System (APS)

The flight APS modules were not installed. Instead, the Model 188B APS
Simulator was connected to position 1 and 2 to receive commands and close

the control circuitry.

3.1.13 Telemetry System

Those telemetry channels that were left blank when various parameters

. were disconnected to be recorded by other means were either left open

or were simulated.

3.1.14 Hardwire Transducers

The Marshall Space FLight Center firing measurement (Scope Change 11954)
program hardwire transducers were installed for the acceptance firing.

These transducers will be removed before the stage leaves STC.

3.1.15 Forward Stage/Instrumentation Unit (IU) Interface

The IU was not available at the Sacramento Test Center; therefore, the

IU and S-IB electrical interfaces were simulated by GSE.

3.1.16 Electrical Umbilicals

The electrical umbilicals remained connected throughout the acceptance

firing.

3.1.17 Instrumentation System

‘* The stage data acquisition system is defined in drawing 1B43559, Instru-

mentation Program and Components List, Saturn S-1VB-206, except as called

out in section 11.

11
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| TABLE 3-2 (Sheet 1 of 2)
s S-IVB-206 STAGE AND GSE ACCEPTANCE FIRING ORIFICES

ITEM* A ORIFICE SIZE OR |COEFFICIENT EFFECTIVE
No. DESCRIPTION NOMINAL FLOWRATE]OF DISCHARGE|AREA (in.z)
Stage
7| Ambient Helium Fill 65 scfm -— Sintered
13|LH2 Fill and Drain Valve Purge | 15 scim at -- Sintered
3,200 psid
19|/ LOX Fill and Drain Valve Purge | 15 scim at - Sintered
3,200 psid
29| LOX Tank Pressurization System | 0.196 in. dia 0.87 0.0261
Heat Exchanger Outlet .
30|/ LOX Tank Pressurization System | 0.169 in. dia 0.88 0.0198
Heat Exchanger Bypass
35|L0X Tank Pressurization Module
Undercontrol 0.252 in. dia 0.86 0.0427
Overcontrol 0.228 in. dia 0.86%** 0.0778%%*
Step 0.323 in. dia 0.82%%* 0.1416%%
37|{LH2 Tank Nonpropulsive Vent 1 scfm at - Sintered
Purge 3,200 psid
38-39|LH2 Tank Nonpropulsive Vent(2) | 2.180 in. dia NC -=
54|LOX Chilldown Pump Purge Flow | 37 scim at - Sintered
Control 475 psid
55|LOX Chilldown Pump Purge 0.00166 1b/sec N/A
Module at 475 psig IN
and 85 psig OUT
77|LH2 chilldown Valve Purge 65 scfm at - Sintered
3,000 psid
80|LOX Tank Vent and Relief Valve | 65 scfm at N/A 0.00043
Purge 3,000 psid ' ‘
.84|Engine Pump Purge Module 0.00166 1b/sec - 0.00023
at 475 psig IN
and 85 psig OUT
Console A
A9538|LH2 Tank Repressurization Union - -
Supply
A9537|Pressure Switch Checkout-- 0.032 in. dia - -
High Pressure
A9536|Pressure Switch Checkout-- 1.2 scfm - Sintered
* |Low Pressure

* Indicates location in figures 3-1 and 3-2.
** Discharge coefficient and effective area are calculated for overcontrol and
step orifices in successive combination with the undercontrol orifice.

N/A Not available

17



/ TABLE 3-2 (Sheet 2 of 2)

S-IVB—206 STAGE AND GSE ACCEPTANCE FIRING ORIFICES

'I'ETEM*

A9550

Engine Control Sphere Supply
Vent

ORIFICE SIZE OR |COEFFICIENT EFFECTIVE
NO. DESCRIPTION NOMINAL FLOWRATE |OF DISCHARGE|AREA (in.z)
A9535|LH2 Tank and Umbilical Purge 0.260 in. dia 0.88 0.04675
Supply
-- |All Console A Stage Bleeds Variable - -
A9515|Pressure Actuated Valve and 1.2 scfm - Sintered
Mainstage Pressure Switch
Supply
A9533|LH2 System Checkout Supply 1.2 scfm - Sintered
A9534{LOX System Checkout Supply. 5.0 scfm - Sintered
A9539| Console GN2 Inerting Supply 0.013 in. dia - -
A9526|J-Box Inerting Supply 0.013 in. dia - -
Console B
-- |All Console B Stage Bleeds Variable - -
A9529|LOX Tank and Umbilical Purge 0.305 0.88 0.06450
System
—— |Turbine Start Sphere Supply Union - -
.A9552 Turbine Start Sphere Supply 0.081 in. dia 0.84 0.00433
Vent
A9528|Thrust Chamber Jacket Purge 0.072 in. dia 0.86 0.00350
and Chilldown System
A9525{ Engine Control Sphere Supply 0.125 in. dia 0.85 0.01040
-- |LOX Tank Prepressurization 0.096 in. dia 0.94 0.00680
Supply
A9527|LH2 Tank Prepressurization 0.162 in. dia 0.80 0.01650
Supply
A9348| Console GN2 Inerting “Supply Manifold - -
-1A9540{ J-Box Inerting Supply 0.013 in, dia - -—

R had ad  boud bl ool  baad Gl R

* Indicates location in figures 3-1 and 3-2,.
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. COUNTDOWN OPERATIONS

The S-IVB-206 stage acceptance firing was successfully accomplished during
CD 614070 on 19 August 1966. A postfiring inspection of the J-2 engine
revealed discrepancies which necessitated replacement_of the engine LOX
turbopump; consequently, a short duration engine verification firing was
performed during CD 614072 on 14 September 1966. All phases of the
acceptance firing countdown are reviewed and evaluated in the following
pafagraphs, which include discussions of the prefiring checkout, pro-
pellant loading, and ground support and facility operation. The engine
performance verification firiné is not discussed unless it is pertinent

to the analysis of the engine performance.

4.1 Countdowns

Three countdowns, CD 614069, CD 614070, and CD 614072, were necessary to

satisfy all requirements of the S-IVB-206 stage acceptance firing program.

4.1.1 Countdown 614069

Countdown 614069 was initiated on 17 August and pfpgressed without
problem to T -8 hr when it was terminated upon request of A3 Development
Engineering. It was requested that seven accelerometers be added to the
LOX low pressure duct, because of a bellows failure during the formal

qualification test.

4.1.2 Countdown 614070

Counfdown 614070 was initiated on 18 August 1966 and was considered the
official acceptance firing countdown. No significant stage problems
were encountered, although an erratic indication from the vibration
safety cutoff No. 1 was traced to a loose electrical connector. The
following facility and GSE difficulties were encountered and corrected:
(1) a faulty downrange igniter talkback (poor comnector solder joint),
(2) malfunctioning first stage manual helium regulator (moisture in
regulator inlet), and (3) severe leakage of the LH2 replenish valve
(corrected by retorquing the valve). LOX loading was nominal, but LH2
loading was interrupted three times and had to be completed using only

the main fill valve due to the aforementioned leak. The propellant
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tank relief valve checks were performed satisfactorily, the stage
pneumatic systems were pressurized, and the automatic terminal count
was initiated. The automatic sequence was satisfactory and resulted
in aisuccessful firing. Significant countdown times are presented in

the following table:

Event Time

Simulated Liftoff (SLO) 1552:07.0 PDT

vEngiﬁe Start Command (ESC) SLO +150.77 sec

SLO +586.92 sec

Engine Cutoff Command (ECC)

4.1.3 Countdown 614072

During the acceptance postfiring checks of the turbines, damage was
found in the LOX first-stage turbine blades and stator. The tOX turbo-
pump was réplaced, necessitating a short durationArefiring to verify

the calibration of the engine. This second firing was designated as an
engine performance verification firing, run 3, revision II of TR 1309
and was conducted on 14 September 1966. The countdown proceeded
smoothly with only a slight delay to investigate a backup power problem.
Propellants were loaded in the normal manner, with the exception of a
planned delay at 15 percent LOX to investigate previous depletion sensor

problems. The automatic terminal count was nominal and was concluded

with a 66.6 sec mainstage duration firing which satisfied the engine

performance verification objective.

4.2 Checkout

The modifications, procedures, and checkouts performed for the acceptance
firing were initiated on 30 June, upon receipt of the stage at Sacramento
Test Center, and were continued through 16 August, when the stage was
ready for the acceptance firing. The handling and checkout procedures
that were used for the prefiring and postfiring checkouts are described

in Douglas Report No. SM-56452, Narrative End Item Report on Saturn

§-IVB-206, dated November 1966.

The integiated systems test which was completed on 10 August, checked

out the automatically controlled equipment of the stage, pneumatic
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consoles, and propellant sleds. The simulated static firing was performed
on 11 and 12 August to verify the countdown procedure. The test was
?ompleted satisfactorily, although'some GSE pneumatic valves failed and
ﬁad to be replaced.

4.3 Cryogenic Loading

The S-IVB-206 stage was successfully loaded with LOX, LH2, and cold helium.
Satisfactory temperature and pressure levels were attained in all systems,
although the LH2 loading operations were interrupted three times and com-

pleted under manual control.

4.3.1 LOX Loading

The LOX loading preparations were conducted as specified in Task 41 of
the Countdown Manual, and computer controlled loading operations were

initiated. The loading was satisfactorily completed without incident,
although erratic indications were received from depletion semsor No. 3.

The loading data are presented in table 4-1 and figure 4-1.

4.3.2 LH2 Loading

The LH2 loading preparations were completed and the operation initiated
as specified in Task 42 of the Countdown Manual. One hour and forty one
minutes were required to complete LH2 loading due to three interruptions
in the operation caused by leakage at the facility valve sled. At approx-

imately 16 percent LH2, loading was stopped when the leakage was first

noted. After the valves were torqued, loading was reinitiated and leakage

was again noted at 25 percent LH2. After some trdubleshooting, it was
possible to determine that the leakage was in the replenish valve;
consequently, loading was resumed at the 30 percent level and completed
using only the main fill valve. During the stand inspection, the leak was
eliminated by tightening the packing glands and bonnet seal. Loading data

are presented in figure 4-2 and table 4-2.

4.3.3 Cold Helium Loading

Cold helium was loaded after the completion of LH2 loading. Satisfactory
temperatures and pressures were obtained. Data are presented in table 4-3

and figure 4-3.



4.4 GSE Performance

4.4.1 GH2 Supply System

The GH2 supply system performed adequately. The engine start sphere

conditions were within the engine start requirements.

Ambient GH2 from the facility was supplied at 2,500 psia to console B where
it was régulated to approximately 1,270 psia (figure 4—4). The GH2 was
cooled Qy routing it through the No. 1 (GH2) circuit in the heat exchanger
and retﬁrning it to pneumatic console B for control and distribution to

the engine start sphere. Start sphere chilldown was accomplished by
flowing the cold GH2 into the engine GH2 start sphere and out the sphere

vent valve.

4,4,2 Helium Supply System

The helium supply system functioned adequately. Propellant tank prepressuri-

"zation, thrust chamber chilldown, loading of the cold helium spheres, as

well as the engine control sphere, were all satisfactorily accomplished.

The‘pneumatic control console A, stage 1 regulator helium supply pressure
(D0778) profile was normal. The pressure was 3,025 psia from initiation
of -the thrust chamber chilldown until the start of prepressurization

(figure 4-5). The regulated pressure then increased to 3,170 psia by the

end of prepressurization.

The cold helium supply for pressurizing the engine control sphere and
thrust chamber chilldown was satisfactory. The engine control sphere was
pressurized to 3,008 psia. The teﬁperature decreased to 257 deg R at the
end of start sphere chilldown. By engine start the ?ressure had been
increased to 3,150 psia, and the temperature had increased to 261 deg R as
a result of start sphere loading (figure 4-5). Both gas heat exchanger
outiet temperatures (figures 4-6 and 4-7) reacted as expected. The four-
coil outlet was stable at 50 deg R and the eight-coil outlet was 44 deg R
throughout chilldown until LOX tank prepressurization was initiated. The
steady state temperature at the thrﬁst chamber jacket chilldown control
orifice approached 90 deg R. The cold helium fiowrate during thrust chamber
chilldown was a normal 9 to 11.5 lbm/min (figure 4-7).

!



4.5 Terminal Count

The major events of the terminal count were engine conditioning and final
replenishing and prepressurization of the propellant tanks. They included
final addition of helium to the cold helium spheres and the stage pneumatic

control sphere, chilldown of the thrust chamber, engine start sphere,

engine pumps, and pressurization of the start sphere.

The terminal count started with the automatic sequence at SLO -25 min and
proceeded through the scheduled events without incident. The final portion
of the terminal count commenced with the initiation of propellant tank
prepressurization at SLO -161 sec; final propellant replenishing was
completed by SLO -44 sec. Cold helium sphere £fill was terminated at

SLO -4.2 sec and engine pump purges terminated at SLO +89.4 sec, approx-

imately as planned.

4.6 Holds

The apparent hold time during CD 614070 was 14 hr 14 min. The countdown
clock appears to have been advanced from T =12 hr to T -8 hr at the beginning
of the planned hold (1955 PDT, 18 Augustf; however, inconsistencies in the
available data leave 1 hr, 40 min of time unaccounted for. The individual

hold periods are defined as follows:

Time from T Real Time Duration Reason
(hr, min) (PDT) (hr, min)
| o
-16:37 1121 (18 Aug) 3:56 Troubleshooting and repair-
' ing engine safety cutoff
system problem
-8:00 1955 6:35 | Planned hold
-3:30 - 0718 (19 Aug) 2:23 Repair GSE regulator
Repair talkback amplifier
-2:15 1141 1:20 Troubleshoot and repair
LH2 leak on valve sled

27



g M M M PN P P P

}

s /MMM Mmoo i | |

*juswaadxa zHT 94yl - uorsstw Lxewgxd wwmwm
2yl yara uofridunfuod ur uorleandyIuod GAI-S 2yl 103 (%Z9) TEBUTWOU ueyl SSOT A[qRIIPTSUOD SBM SSBW YO0T ¥
FJJOIITT PpoIBTNUTS J® SSBW SB PIaUTISp ST Ssew 00T +

aTqeTTI®A® jou BIRQ - YN

¥60°%6T| %99°T 00T 81 Al 6°L6 %10°T | SOT°‘T VAl A 612 LTY 0L0%T19 902
GZEE6T| G68°T 00T 08 8€T 1°66 %6 €6T°T AN 891 %26 L90%T9 20¢%
1S6°68T| 62S5°T aImyodddd ION 00T | TZO°T | OET‘T | ST°S LST 66€ %90%19 502
8veL8T| L6L°T |v°86 61T Lyt L6 L00°T | 6TIT°T L 691 T€S €90%T9 T0¢
- VNG VNa VYNd VNG VNa VNG VYNd VNQ VNa VNa T90%T9
€€9°£8T| 2SS‘T | o0OT S6T Y6 86 | ZTO‘T | $80°T | 8°¢ ST €Le | 650YT9 | ¥OT
6TEHTT| €92°T 00T 0ZT o€ G* 66 GZo‘T | 059 Al 9¢€T €86 9G0%T9
- LOE°T 00T 69T rAA G* 66 G00‘T | S99 #° 0T 92T 029 GSOYT9 | *=€0¢
- VYNa YNa VYNa VNa YNa VNa VNa VYNa VNG VYNa %G04 T9
929°06T | 0%¢‘T | 00T %4 79 GL°86 | TOO‘T | TET'T | 'S | #%T Sve | 0S0¥T9
- 847G T 00T 08¢ G9 G*86 LO0°T | GET‘T Gy LST 8Ye 8%0%T9 702
- G8h T VN YN YN 00T | 0E0°‘T | O%TI‘T Y 5T GhE LH0%T9
T6GT6T| STO‘T 001 €€ 4 ¥4 %6 GLo0‘T | o£8 4 A% 0.6 0%0%T9 10¢
@) | 99) | gy | GF) N 0es) | ) | G | @) | @ | G| (ees)
a1avo1l GWIL | [ SSVR-| s AWIL JSSYR | o TIL | SSVH | _yoqq ANIL a COLARS
SSYH avo1 0 gAI-S
- TVIOL | -1viol TI1d MO1S TVNId TIId dIdvd TIId MOTS TVILINI

VivVd 9NIQVOT XO'1

T-% 19Vl




29

*3a7qeaedwod jou 2IB S3IBIMOTI pue
uotTieINp {PINS SATBA X0 94yl uo wmmxmwa £q po3elTSsadou oiom aianpadoid Suppeo] Tewliouqe pue SABTSP 9IYL 4+
*qusuwtaodxs zHT 2yl ‘uoysstm Liewtad 98els 9yl YITA cOﬂuocdﬂcoo ur (Yensn ueyj swil
axou 003 snyj pue) uoFjean3Tyuod gI/IAI-S oYl 103 (%8TT) TeBUTWOU UBY) dI0UW ATqeI9pTISUOD SBM SSBW %00T «
*JJO03JTT PoleTnNWES J® SSew SB PIUTIOP ST Ssew 00T +
. aTqeITeA®R j0U ®BIEQ ~ VNA

0€L°9¢€ +=+ |T1°66 6€9 (1T T°L6 ++ ++ 8'9 - LL6 09z |,,0L0%T9 902
ZShoy | S80°T 001 60% eyt 9°86 0cL‘z | 60%°‘T| 69 60S €€S L90%T9 20S
zeLcse | Lvo‘z {wevot1 GEE VIA €01 188 | (8¢°T L T09 98% €90%19 10¢
- VYNa VNG VNa VNG VYNa VNa vyNa VNG VYNa VYNa T90%19
yHe‘9e | vys°T QIWI04YAd ION 00T 168°C | STTT| 6°S TL9 | oge ¥90%19 114
' G8L°9E | S6L°T 00T 088 €eT L6 90L°C | 62C°T 8 069 €ey 6S0%T9 %02
L9T“%Yy | 8TT‘C 00T Vi 002 86 0€6°C | OE%‘T S G6h 86Y 9G0%T9
- 081°C | Z°00T 96€ YA £°86 016 | SY%°‘T S G9% 606 GGO%T9 | %€£0T
- VNG VNG VNa VNa ~ VNa VYNa VYNa VNa YNa VYNa - 4G0%T9
[8G°LE | TTIG‘T swarqoxd 3urpeor 66 000°‘¢ | TTZ°T Y TS 00€ 0S0%T9
N 66%°T 489 3Jo asnedaq 66 s10°c | L02°T Vi %268 62 8Y0%T9 20C
-- 00S°‘T pswiojaad 30N 66 SE6°C | O%T°T Vi 686 092 LY0Y19
6L0°LE | 0SE‘C 00T £98 oty %6 0%0‘€ | 0€6 4 G18 000°T| O%0%19 10T
S (mar) | (@98) | gy | WD) | o0y @ | O ey | @ | M) | (oo
a3aavol ANIL o AIVY g ALV > AIVY AIVLS
e ssvit . | avor | +5SV | —mona | TUIL | GSSVR | _ygpq | TAIL | SSVL | _yoqg | NID a gAI-S
TVIOL | TVIOL TIId MOTS TVNId - T11d q1dvd TII4 MOTS TVILINI .

VIvVd ONIQVOT THT
¢~-% T8Vl

b
-
"
—

e

L
.
-

L AN UG S SN S s N SHNS J GHS USSP D R S S




*paztanssaadal uayl aaom saiayds ayj

B B <oe- B e NN cone SN e N - BN - B -ame TR - |

*saaoyds wnyioy pPIo°® 9 ATuo 9ZT[TIIn 03 93e3s ISITI 9yl SeM 90Z-9AI-S ++
*3urpeoT WNEIey PTOO JO 3IIels x93Je ourl posdeTy «

*S3ATBA JOTT21 193ueydxs 3esy sed syl

03 sayedax jyuwiad o3l ‘ersd (z6‘z Suyurelje i1933je eysd QG T 03 Ppojusa d13m saaayds wnyTay PTod dYL +
91qeITEAER jOUu ®BIRQ ~ VNA
a1qedrTdde JoN - V/N

16¢ 0°0% 020°€ G9Z°T 0%0°Y 096 0LOYT9 |, 902
9¢€¢t 0% 0STE L00°‘T ove 006 L90%T9 z0S
8€¢c G*6€ 060°‘€ v16 %GE 0€8 %90%19 G0¢
o%ve 0° 0% GGTE 020°‘T 06¢ 0S¢ £90%T9 106
9h¢ 0° 0% 68Tt 080°‘T 06GS S49 T90%T9

LEE rARL G9T‘¢ 000°T 00¢ 0€L 650419 %0C
0€€ Y 000°¢€ ov6 961 06L 950%19

vizs I%/V/N. 066°Z/V/N %99/9TL €STT/V/N ST T1/%€L 4550719 £02
VNG vNa YNa VNG VNG VYNa %G0YT9

M/1) S 1%

9%e (n/n) s°8¢ 00T‘€ 0€0°T 0.9 + 682 0S0%T9 .

TLE G°6€ 06T°¢€ 026 00§ 097 8%0%T9 z0¢
0L€ %°0% ovzZe 098 00Yy 062 LY0%T9

A% oY 002°¢ 006 002 00S°‘T o%70% 19 T0C

—_— d (29s) (o9s) d
(uat) (o). (rs<) 4,06 ¥e1sd 000€ (e15) TOVLS
SSVI 01S 1V 01S IV IATTHOV FATTHOY MINSSTId an GAT-S
aiaavo1 TANIVIIIEL TANSSAUd i 0L EWIL TVILINI ,

Vivd 9NIaQVOT WNITAH Q10D
€-% dAT4VL

30




buipeoy jueyl X017 ‘- d4nbiy

(23S) ONIAVOT X017 40 1¥VLS WOdd 3WIL
0002 0081 0091 00HT 00Z1 0001 008 009 004 002 0
7 7 A
7 // .

- (04500) UNSSTAd 3OVTIN SNVL xo.,l\ . — -
o
wn
C

oh B
A
-
w
>
\ \/
09 w
O
(£000N) SSWW XO1 q\ _ 1ad 1€:/H0T ——e] a
_ —o08 3
\ 2
o)
’ o
. m
Z
l
\ '/
et 001
YA S
81 _A 4#101 -t 618 ———=
(Wd9) 3UViMOTS .

- T o : : r ' : . o , c coy
(RS S NS S (D S G S (D S S S S SN R S B, [ B , B - ! b

31



[ I L B T T T o TR e T e BN e | o T ans T aus DR - T 2 TR e TN o N e TN s

butpeoq juel ZHl1 ‘g-y 4nbid

(23S 001) INIQVOT ZHT 40 1¥VLS WOdd TWIL

h9 09 95 FA 8h Hh o ., HE s . h 0
w D e ) 2 0
——V \/
, : 5 / 0z
— / .wm
m
\ wn
.\ 04 m
(6£500) FINSSTAd IOVTIN MWL ZHT — ~
| A
/ 09 S
£
L(TO0ON) SSYW ¢H1 2
_ | 5
08 ~
/ 2
p,s)
10d 80:GETT ——= m
_ . 3
001
0Z1

(Wd9) 31LVaMOd

6£9 . 9682 67— |~
 fa——— 6112 |l z2z01 I 9061 (L6 |-

32

® ~ @ - @



Burpeoy waysAs wni(ay pLoJ

‘€-p aunbly

(335 001D ONIAVOT WNIT3H 4100 40 L¥VLS WO¥d IWIL

hh 04 9¢ Z€ 8z e 0z 91 21 8 4 0
ld— 4401417 - |4— aanivily avol
_ Q3LYIWIS _ NOISIG WAWINIW »
m
X
~— IL"’ (1] W
. p.2d
/ m
08
G.
HOIH _ |
(19902) FANLVAIIAWIL RATFHLS WNIT3H 410D IS 440 _ B
_ _ _ | _oﬁ
0
_ _ _ .
WIIHD SININOWOD _ 10d L1 hhhT —=
WOLLIN) —f=eri
0001
v
by
m
w
wn
C
: 000z
N\
el
bt
\r >
\ \
—f 000¢
- (ZhS00) TAINSSTId TIIHAS WNITIH G100 !
| | _ _ 000k,

33

.



e e -::J ™ ™ Y MM 3 R M M Yy Y Yy M/ s

| _mc_vmoq pue umop|iiy) auayds ue3s auibugy mcwgso.mocmssomgmm.mmw, ‘- aanbL4

(935) 4301417 CUVWHIS WO¥J WIL . (935) 400417 GILVYWIS WO WIL
009 00n 002 0 002- -~ 00w~ 003~  008-  000I~ O00ZI- 009 00n 002 0 00Z-  00M- 003~  008-  00OT- Su_m
° 0
u .
s m o0t
- C10£02) FUNIVYIAWAL LT1INO WINWVIOXZ LVEH SVO— )
o] . [= / oSt
o % :
CINBA IS 1V GAVINITVI) 2
FIMIS 1WVIS INITND OINT AVIMOTS 2D g 00z
i 1 i 3 ] St m .
pp— st
° /
=" | 00§
002 C14£02) 8 3I0SNOD FUNUVYIWIAL THO / — . m
08§
4
004 a
oon M
- N3O IN3A o]
—=] 009 3 KNS 20 ]
| ——($2500) RINSSTud m 0sh
IS 1WVLS e GNVWNOD
008 @ 1AVLS NING
~ 00$
& NOLLVZ 1UNSSRid . NO NHOTTIIHD .._
(16£00) 9 0001 & RIS 1UVIS FIIS LAVLS —o )
F0SN00 NI _khu 0ss
FINSSTAd \ "\ -
Adans zHo—4 ] \
00zt
| 3, ~de \ 009
\nallhﬂ \ (64900) RNLVE3HAL RIS 1VLS NINI—]
o .
I / ooht —1 059
—1- CH6£00) TUNSSRId AVddNS THD INITEWY —
e B B oot oot

34




buipeo] adayds Lo43u0) autbugz buiang aoueWMOSUdd ISY ‘G-p dunbL4

€93S) 42014171 GILVYWIS WOHS FWIL €235) 4401411 GAULVWWIS WO WIL
0oy 002 0 iz 0%  009- 0087  oo0i- 00z 009 00w 00z 0 00Z- 00~ 003~ 008~ _ 000I-  00Zi-
QaviLiNg 0
NOTLYZ I¥NSSTIdTid
QILVILINI 2wl xo1 s
NOILVZI¥NSS RidFod 0 i
14 MVL X0 \
) 7 001
N (20£09) TNLYHIMWIL 1T1LNO \ .
i / 00§ \k YIONVHOXI LVIH SYO—
A 1 (86L00) 3WNSSTUd ANddNS \ . ost
N19N3 — -] RIIHIS TOUINCD INIONI ]
000t , 002
hl
3 N -3
2 - 0S¢ m
post M m
(h$500) 3 _ [ ? oo M
INSSTId ATHAS a 1 1¥vis -
TOHINGD INIONI z i ANINI : £
/ 0002 0se
. Tamm_gmmuﬁ TWMS 14VLS /
0052 / 004
0sH -
(00402) FuNIVYIWIL
> 000¢ F93HIS TOHINOD NI
00§
T~ (8££00) FANSSTId AddNS WAITM
| 1 I | 006§ : 0ss




o I o BN o BN o BN o BN cniie BN e N i N o IO 'R MM MM MMy rm

uoljezianssaddauag juel zH1 pue X017 Buiang @ouewiojudd 359 “9-4 84nbLd

(235) 4401417 QULVINWIS WOUS 1L _ (935) 4401417 GAUVIHIS WO¥S MIL
009 0ok 00z 0 Ooz- _ 00w 009~ o08- _ 000L-  o0zl- 009 004 00z o 00z-  Ooh- 009  008-  00OI-  00Z1-
RN ﬁ g
QAUVILINT FINSSTIdTd MWL ZH) — - — Oh
X
| 09
. \—{ (£0£02) FunivaaanaL
(26£00) TUNSSTUd ANddNS 1TN0 HINVIDXD LY3IH
NOILVZ 18NSSIUJTdd MWL ZH 08
0001 (
Tlau:::z_ 00t
TNSS I Tud .
p] ANYL X0
m 0z1
00s1 & o
TI QALVILINI INSSTIId VL XO1 S ]
ont 8
3 2
= )
o0z 3 _—
»
|~ (££800) sS4 x1dans <
NOLLVZIMNSSRUdId SNVL XOT— 081
0052 / i
(8££00) FWNSSId \) 00z
A1ddns WM Vv (19£02) PNLWIIMIL A1ddNS
/ NOLLVZINNSSTId WNVL X071
L
0zz
000§ ot
I, e ’ bt
] . onz
‘!\lc(
B GILVILINI TNSSRIATId MWL ZHY
el 005€ 1 L 1 1 092




:zov:_;o J4aquey) 3snuayjl buruang dduewuojusad 359 ‘/-p a4nbid

(33S) 4401417 Q3LVUWIS WONS WIL (23S) 4401417 QIVIWIS WOUS IWIL
009 004 00z 0 00Z- 00h-  009- 008- 0001~ 00ZI- 009 004 00Z 0 002~ 00 009- 008~ 0001~  00ZI-
0 T T T T T °
P (Z0£02) FNIVIIWIL 1IN0 ATINVHOX3 :m:l/
S m | . 0s
GNVWANOD 1¥VIS INIONG B \ .
~
r
m oot
\— - o1 W /
(QILVINIIVI) ILVAMOTY NMOGTTIHD ¥3BWWHD LSNEHL Z . V
i 1 1 1 1 st 1 oSt
\ Q3LVILINI
_ NOILVZ 1 9NSSTAdTud
1 X010
0 RL X01 00z
: 000t r/.l\x. ™ 052
QIVILINI 2 .
_ NOILVZ 1¥NSS3IYdI¥d I ANVWNOD  4401ND INTONI
VL XO1 < NG
000z & / 00§
? w “ GNVWHOD L¥VLS 3NION3 V/ .
000f o # m |\ ; (1111
(£6£00) 3WNSSIUA 3D14140 NMOATIIHD HIBAWHD 1SNAUHL (66100) NLV3INIL NINS 330 L5k /
1 | 1 L L L 0004 00k
o /
- \ 0S4
-
m
= ~] 001 w
)'4 N 2 00$
=
A
0z 0sS
o
.‘:\\ (Lh{0) 3WNLVYIAWIL F0141¥0 NMOTTITHO ¥ISWWHI LSMHL o
. | 1 | ] L | 00¢ 009

37

(¥o) FVNLVAUIWIAL




SEQUENCE OF EVENTS

The S-IVB-206 stage acceptance firing sequence of events 1é presented in
_table 5-1. Event times from two data sources are includedin the table.
These sources were the Digital Events Recorder (DER/CAT 57), and PCM/FM

‘Sequence (CAT 42). Accuracies of the listed events are as follows:

3 o Ol

DATA SOURCE ACCURACIES
Digital Events Recorder (DER/CAT 57) +0, -1 ms
PCM/FM

Discrete Bi-Level (CAT 45) +0, -9 ms
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; TABLE 5-1 (Sheet 1 of 4)
I SEQUENCE OF EVENTS

SWITCH CAT 57 PCM
EVENT/RESULT OF COMMAND SELECTOR |DIGITAL EVENT | SEQUENCE
CHANNEL RECORDER CAT 42
Launch Automatic Sequence Start
Auxiliary Hydraulic Pump On 28 *-608.392
Auxiliary Hydraulic Pump Coast Mode Off 31 -608.360
LOX Chilldown Pump On 22 -308.300
LH2 Chilldown Pump On 58 -305.121
Engine Pump Purge Control Valve Open 24 -90.4
Engine Pump Purge Control Valve Closed 25 +89.426
Internal Power Transfer
Simulated Liftoff (To*) *0.00
Inflight Cal On 90.871
Inflight Cal Off 91.980
Ullage Rocket Chg On Cmd 54 141.186
EBW Charge 1-1 141.192
EBW Charge 1-2 141.192
EBW Charge 2-1 141.192
.EBW Charge 2-2 141.192
EBW Charge 3-1 141.192
EBW Charge 3-2 . 141.192
Ullage Rocket Fire Cmd 56 145.708
EBW Fire 1-1 145.746
EBW Fire 1-2 145.746
EBW Fire 2-1 145.754
EBW Fire 2-2 145.754
EBW Fire 3-1 145.754
EBW Fire 3-2 145.754
Prevalve Open Cmd 146.353 .
LH2 Prevalve Open 149.109 [149.146
LOX Prevalve Open 149.046 |149.146
LH2 Chilldown Pump Off Cmd 59 150.166
Engine Cutoff Off Cmd 13 149.850
Engine Cutoff Command On (Dropout) 149.859

*T = 15:27:07.000 Range Time
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TABLE 5-1 (Sheet 2 of 4)
SEQUENCE OF EVENTS

SWITCH

H

CAT 57 PCM
EVENT/RESULT OF COMMAND SELECTOR | DIGITAL EVENT | SEQUENCE
CHANNEL RECORDER CAT 42

LH2 Chilldown Pump Off 150.172

LOX Chilldown Pump Off Cmd 23 " 150.254

LOX Chilldown Pump Off 150.260

LOX Chilldown Valve Closed 150.306

LH2 Chilldown Valve Closed 150. 344

Engine Start Command (ESC) 9 150.761 |*150.769
Thrust Chamber Spark Sys On 150.767 150.769
Gas Generator Spark On _ 150.767 |150.769
Helium Control Solenoid Energized 150.767 |150.769
Engine Ready Signal Off 150.770 |150.821
Engine Start On 150.789 |150.802
Ignition Phase Control Solenoid Energ’ 150.795 |150.769
Main Fuel Valve Closed (Dropout) 150.819

Main Fuel Valve Open 150.904
Ignition Detected 150.986
Engine Start Off Cmd 27 151.367

Engine Start Off 151.391

Start Tank Discharge Valve Close (Droﬁout) 151.557

Start Tank Discharge Valve Open 151.645 151.654
LOX Tank Flight Pressure System On Cmd 103 151.656

Mainstage Control Solenoid Energized 151.852
Main Oxidizer Valve Closed (Dropout) - 151.953

Gas Generator Valve Closed (Dropout) 151.947

Start Tank Discharge Valve Open (Dropout) 151.958 {151.987
Gas Generator Valve Open 152.064 [152.071
Oxidizer Turbine Bypass Open (Dropout) 152.107 |152.162
Oxidizer Turbine Bypass Valve Closed 152.292 [152.329
|Mainstage Pressure Switch Depress B 153.429
Dropout

Mainstage Pressure Switch Deﬁréss A 153.429
(Dropout)

Mainstage OK - 153.415 |153.487

*ESC = T, +150.769
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TABLE 5-1 (Sheet 3 of 4)
SEQUENCE OF EVENTS

CAT 57

SWITCH PCM
EVENT/RESULT OF COMMAND SELECTOR | DIGITAL EVENT | SEQUENCE
CHANNEL RECORDER CAT 42
Engine Burn No. 1 On Cmd _ 68 153.770
Engine Burn No. 1 On (LH2 Tnk Step Press 153.778
Cont/Sol) ‘
| Main Oxidizer Valve Open 154.333 | 154.404
Gas Generator Spark System Off 155.154 | 155.160
Thrust Chamber Spark System Off 155.156 | 155.160
PU Activate Cmd 5 157.060 .
PU Activate 157.065
Ullage Rocket Jettison Charge On Cmd’ .55 174.914
Ullage Rocket Jettison Fire On Cmd 57 178.031
Ullage Jettison Charge Cmd Reset 88 178.152
EBW Fire 1 178.087
EBW Fire 2 178.087
Ullage Jettison Fire Cmd Reset 73 178.239
Auxiliary Hydraulic Pump Off Cmd 29 335.635
.Auxiliary Hydraulic Pump Off 335.639
Auxiliary Hydraulic Pump On Cmd 28 451.809
Auxiliary Hydraulic Pump On 451.812
First Burn Relay Off Cmd 69 " 451.900
First Burn Relay Off 451.907
Point Level Sensor On Cmd 97 580.246
Non-Programmed Engine Cutoff *586.913
‘Cutoff Lock-In Indicated 586.915 | 586.987
Ignition Phase Control Solenoid De—energize& 586.919
Mainstage Control Solenoid De-energized 1 586.919
Engine Cutoff Cmd On 12 587.153
Main Oxidizer Valve Open (Dropout) 587.007
Gas Generator Valve Open (Dropout) 587.017
| Main Fuel Valve Open (Dropout) 587.043
Engine Pump Purge Control Valve Open Cmd 24 587.240
Gas Generator Valve Closed 587.135

* Engine cutoff occurred at T, +586.913

ol Bucd - bl i
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j TABLE 5-1 (Sheet 4 of 4)
f SEQUENCE OF EVENTS

SWITCH CAT 57 PCM
EVENT/RESULT OF COMMAND SELECTOR | DIGITAL EVENT { SEQUENCE

CHANNEL . RECORDER CAT 42

Mainstage Pressure Switch B Depress 587.113 587.179

; Mainsﬁage Pressure Switch A Depress - 587.115 | 587.179
Main Oxidizer Valve Closed 587.124
Main Fuel Valve Closed 587.226

' Fuel Prevalve Open (Dropout) 587.481 | 587.562

Oxidizer Prevalve Open (Dropout) 587.480 | 587.562

Fuel Prevalve Closed 587.731 | 587.812

Oxidizer Prevalve Closed 587.873 | 587.896

Helium Control Solenoid De-energized 587.894
Coast Period On Cmd 79 588.270
Engine‘Start Off Command 27 588.589
LH2 Chilldown Pump Off Command 59 588.798
LOX Chilldown Pump Off Command 23 588.894
PU Activate Off Cmd 6 590.172
PU Activate Off 590.175
Point Level Sensors Disarm Cmd 98 590.302
Ullage Jettison Charge Command Reset 88 591.774
First Burn Relay Off Command 69 - 591.888
Ullage Jettison Fire Command Reset 73 591.976
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ENGINE SYSTEM

The S-IVB-206 acceptance firing was performed with Rocketdyne engine
S/N J-2046 (figure 6-1) mounted on the stage. The firing time of this

engine was accumulated as follows:

Test Time (sec)

Rocketdyne

Sacramento Test Center

439.7

CD 614070 436.15
CD 614072 68.98
Total A . 944,83

Countdown 614070 was a full-duration acceptance firing; CD 614072 was an
engine performance verification firing that was required when the complete
LOX turbopump assembly (paragraph 6.5) was replaced because of a damaged

LOX turbine seal that was discovered after the acceptance firing.

After the engine was delivered to Douglas but before the acceptance firing,
an orifice was installed in the gas gener;tor (GG) valve control line

(ECP 455-R3) in order to improve the start transient characteristics of

the engine (paragraph 6.4.1). This was the only changé that affected

engine performance.

6.1 Engine Chilldown and Conditioning

6.1.1 Engine Turbopump Chilldown

Chilldown of the engine LOX and LH2 turbopumps was adequate to provide
the conditions required for proper engine start. . An analysis of the

chilldown operations is presented in paragraphs 7.3 and 8.2.

6.1.2 Thrust Chamber Chilldown

6.1.2.1 Acceptance Firihg - CD 614070

The thrust chamber skin temperature was 235 deg R at Engine Start Command



/
(figure 6-2), well within the engine start requirément of 260 +50 deg R.
The LH2 pump demonstrated satisfactory start transient buildup characteristics

(figure 6-3).

Cﬁilldown was initiated at SLO -1,201 sec and terminated at SLO +126 sec.
The temperature decreased steadily until SLO -105 sec when it reached its
lowest value; subsequently, the temperature went through a fluctuation due ’
to a demaﬂd on the helium supply by the LOX and LH2 prepressurization. The
flow of céld helium was interrupted sufficiently to cause the thrust
chamber to warmup during prepressurization. At the end of chilldown, the
temperature was 232 deg R. Further information on the chilldown operation

and GSE supply system is presented in section 4.

6.1.2.2 Engine Verification Firing - CD 614072

The thrust chamber chilldown was more rapid than that of the acceptance firing;

however, because of a léak in the GSE cold helium crossover valve, the

¢hilldown was terminated at SLO -5 sec and the thrust chamber skin temperature

increased to 264 deg R at Engine Start Command (figure 6-2). The effects of
this higher temperature are apparent in the LH2 pump start transient
performance (figure 6-4). Both thrust chamber temperature and pump start

transient were, nevertheless, well within acceptable limits.

6.1.3 Engine Start Sphere Chilldown and Loading

Chilldown and loading of the engine GH2 start sphere met the required
objectives. Start sphere performance is graphically presented in figure 6-5.

The GH2 supply system performance duyring start sphere chilldown and loading

46

is described in section 4. The start sphere warmup rate from pressurization
to blowdown was 2.6 deg/min. Total GH2 usage during engine start was

3.12 1bm. The system demonstrated satisfactory repressurization during
engine burn; however, the sphere relief valve failed to open and caused a
pressure buildup to 1,463 psia. The valve was replaced after the firing.

Significant start sphere performénce values were as follows:

-

,
l
i
!
i



. : - Temperature - Pressure GH2 Mass
. ' Event (deg R) (psia) (1bm)
;" _ . | Engine start Command 252 1,346 3.95
B " | After Sphere Blowdown 156 184 - 0.83
- Engine Cutoff 207 1,463 5.24

6.1.4 Engine Control Sphere Chilldown and Loading

- Engine control sphere conditioning was adeduate and all objectives were
' satisfactorily accomplished (figure 6-5). Total helium usage during the
engine firing was 0.34 1lbm. Significant control sphere performance values

were as follows:

- ’ Event Temperature Pressure Helium Mass
- ven (deg R) (psia) (1bm)

- v

— Engine Start Requirement | 290 +30 3,000 +200

L; Engine Start Command 261 3,150 2.15

‘“ . Engine Cutoff 217 2,157 1.81

- I. Total Helium Usage ) 0.34

o o 6.2 J-2 Engine Performance Analysis Methods and Instrumentation

Engine perfgrmance for both the acceptance and verification firings was
T calculated by use of computer programs Gl05-3 and F823-1. A description of
the operétion and comparison of the results of each program is ﬁresented in
table 6-1. Computer program AA89 was not used to calculate the performénce

. of either firing for the following reasons:

a. Program AA89 results would not reflect the effect of the LOX turbo-

! , , pump performance degradation during the acceptance firing

b. After the acceptance firing because the LOX turbopump was

e,

changed, no new valid engine tag values were available for use

in program AA89 to evaluate the verification firing.

'. } . » 47



i
Several biases were necessary to correct for known data discrepancies.
The main chamber pressure (Pc) was biased -15 psi for both firings. From

an analysis of the raw test pip count data for both firings, engine flow-

rates were biased as follows:

Firing LOX (gpm) LH2 (gpm)
Acceptance +22.49 -386.79
Engine Verification +25.02 ‘ -385.84

During the engine verification firing, the time sequence of events was
lost and the LOX turbine inlet pressure became pegged off the high scale.
. Indications of this measurement being invalid appeared during the
acceptaﬁce firing. The Douglas engine performance evaluation computer
programs do not use this measurement; however, it is a significant para-

meter used to monitor performance of the turbine drive system.

»

6.3 J-2 Engine Performance

The engine performance was satisfactory through the mainstage op;ration
except for the LOX turbopump malfunction during the acceptance firing.
During the engine verification firing, engine operation with the new LOX
turbopump assembly was satisfactory. Plots of selected data used as
inputs to the computer programs listed in table 6-1 are presented in
figures 6-6 through 6-17. The engine propellant inlet conditions are
presented in sections 7 and 8. Steady-state computer performance para-
meters are pfesented in figures 6-18 through 6—21.‘

The J-2 engine performance was reconstructed from engine start to cutoff
for both the acceptance firing and the engine performance verification
firing. The results of two computer program reconstructions were combined
to obtain the final values for engine performance as presented in

table 6-1.

The average results of these programs agreed.within the following accura-

cies for both firings:

bed Ed bl Ed .3 B3 oo.a ,

o
o ac
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Acceptance Firing

Parameter
Thrust (%) 0.025
Total Propellant Flowrate (%) 0.028
Specific Impulse (%) 0.056
Engine Mixture Ratio (%) 0.112

Engine Performance
Verification Test

0.005
0.075
0.094
0.132

6.3.1 Start Transient

The J-2 engine start transient was satisfactory for both the acceptance

and verification firings.

presented in the following table:

A summary of engine performance values is

Acceptance | Verification

Firing Firing Log Book
‘Time to 90 percent 3.318 3.171 - 2.3%
performance level (sec)
Thrust Rise Time (sec) 2.174 2.031 .1.89
Total Impulse (1lbf-sec) 193,052 173,860 160,972**
Maximum rate of Thrust 8,533 9,669 40,000 ***
Increase (1bf/ioms)

*%

k%

Referenced to start tank discharge valve. Acceptance and verification:
start tank discharge control solenoid energized at 643 ms and 640 ms,

respectively.

Based on stabilized thrust at null PU and standard altitude conditionms.

Maximum allowable.

Thrust buildup to the 90 percent performance level (thrust chamber

pressure = 618 psia) was very close for the acceptance and verification

49
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firings as shown in figure 6-22. The deviation in total impulse from

the acceptance to the verification firing is due to the slightly faster
transient on the verification firing, as is shown by the thrust rise time
(time from first indication of thrust to the 90 percent performance
level) shown in the previous table. Figure 6-22 shows the thrust chamber
pressure during start transient and the thrust buildup to the 90 percent
performgnce level for the acceptance and verification firings as deter-
mimed b& cdmputer program F839. As expected, there was no thrust over-

!
shoot during the start transient.

6.3.2 Steady-State Performance

During the steady-state portion of the acceptance firing, a LOX turbopump
malfunction caused a performance degradation. The engine started normally
and the firing progressed satisfactorily until approximately ESC +60 sec
when the effect of the malfunction became apparent in the data

(figure 6-18). The performance then gradually decayed until ESC +366 sec
(EMR cutback) when the values were 224,322 1bf thrust, 422.8 sec specific

impulse, and 5.420 mixture ratio.

Table 6-2 compares the overall average performance values for steady-
state operation with predicted. This table also compares the average
performance during the closed PU valve portion of the test with predicted
values and shows that the actual values prior to ESC +60 sec were in

extremely close agreement with the prediction.

The actual average LOX flowrate prior to the malfunction was 457.656 1lbm/sec
which agrees closely with the prediction of 458;384 lbm/sec. At the time

of the performance cutback, the LOX flowrate had decayed to 447.906 1bm/sec
as shown in figure 6-18, lowering the average flowrate during closed PU
valve operation. As compared to the predicted value, this LOX flowrate
deviation caused the PU valve to remain closed 46 sec longer than -
predicted to reduce the equivalent LOX mass error to the cutback

value (1,000 lbm). The remaining deviation between the predicted

and actual PU valve cutback is explained in section 10.
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| .
The amount of propellants consumed (determined by the flow integral

' : method) from Engine Start Command to Engine Cutoff Command
(ESC +436.15 sec) was 36,134 1bm LH2 and 191,879 1bm LOX. The total
6

| impulse generated during this tiﬁe was 96.95 10~ lbm-sec. Extrapolating
:the usable propellants indicated that LOX depletion would have occurred
4.54-sec after Engine Cutoff Command, for a total burn to depletion of
440.69 sec as compared to the predicted value of 453.59 sec. The

12.90 sec deviation was due to the increase in overall average LOX
flowrate (442.16 actual, 429.24 predictea) caused by the extended closed
PU valve operation and the higher than predicted flowrates during

operation at referenced mixture ratio (RMR).

There was sufficient information from this firing to calibrate the propel-

lant utilization system so only a short refire was deemed necessary to

verify engine performance. The engine verification firing demonstrated

satisfactory engine performance. The test was terminated at

ESC +68.982 sec while the PU valve was closed. The average performance

while the valve was closed was 228,922 1bf thrust, 420.43 sec specific
. impulse, and 5.537 mixture ratio. The Performance profiles of the verifi-

cation firing are shown in figure 6-20.

The engine thrust variations during the acceptance firing are presented
in table 6-3. Expanded thrust plots during the periods discussed are
presented in figures 6-23, 6-24, and 6-25. Comparison is made to-
acceptance firing thrust history predictions and to Marshall Space Flight
Center (M'SFC) suggested allowable limits for flight. These limits do not
- apply.to acceptance firing performance and are presented for reference
purposes only. Thrust variations during flight will be modified by flight
dynamics effects on stage operation such as propellant slosh. The‘thrust

variations during the following four periods were reported:
a. PU valve hardover - (EMR = 5.5/1.0)
b. PU valve cutback +50 sec to ECC -70 sec
c. ECC -70 sec to ECC - (Includes transient PU valve oéeration)

d. ECC -40 sec to ECC (Includes stable PU valve response).

51



i
The thrust variations during hardover operation were within the suggested

allowable flight limits and very close to prediétibns.for the maximum rate
and maximum amplitude of thrust variation. The thrust variations during
this iime period were caused by éngine stabilization and stage perturba-
tionslincluding the main factors of variation in propéllant supply

condiéionsJ

The time period from PU valve cutback +50 sec to ECC -70 sec was non-
existent during this firing because of the late PU valve cutback which
was caused primarily by the variation in propellant consumption rates

resulting mainly from the damaged LOX turbopump during the acceptance

firing (paragraph 6.5).

* The time period from ECC -70 sec to Engine Cutoff Command includes both

transient performance results. The transient performance during this
period was caused by the late PU valve cutback discussed above. Because
of this phenomena the suggested allowable limits were exceeded in all
categories. These results should not recur during the stage flight test
as the LOX turbopump assembly was replaced and its performance verified
during the short verification firing. Propellant utilization system
calibration will also reduce cutback time deviations during the flight.
It should be noted that the deviation in PU valve cutback time exceeded

the maximum 3-sigma deviations predicted for a calibrated flight stage
(+45 sec).

The time period from ECC -40 sec to Engine Cutoff Command is reported in
addition to the normal periods discussed in an effort to show what the
stable engine thrust deviations would produce excluding effects from the
transient PU valve pérformante during mixture ratio .cutback. The thrust
variations during this period are influenced primarily by movements of

the propellant utilization valve and, to a secondary degree, by variations
in stage performance. The thrust variations during this period are within

the suggested allowable flight limits.

6.3.3 Cutoff Transient

The time lapse between engine cutoff, as received at the J-2 engine, and

o Wl by B bJ B9 L &3 &
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thrust decay to 11,250 1bf was not within the maximum allowablé time
(800 ms) for the acceptance firing or for the engine verification firing

as shown in the following table:

Acceptance Verification Log Book
= e —
Thrust decay time to 823 812 365
11,250 1bf (ms)
Total impulse (lbf-sec) 51,311% 57,333*%% 40,750%%*

* = PU valve at -4.08 deg
kK

PU valve at +33 deg
*kk

PU valve at null position; standard altitude conditions;
average of tests 313-093 and 313-095.

The performance values presented are not in satisfactory agreement with
the log book or the Rocketdyne J-2 engine manual No. R-3825-1

(0.340 +0.030 sec and 38,100 +3,000 lbf-sec, based on a main LOX valve
temperature of O deg F with PU valve in the null position, and defined
from cutoff signal to 5 percent of rated.thrust). Stage performance

during flight should not be adversely affected by the above conditions.

The deviation in cutoff impulse to 11,250 1bf from Rocketdyne nominal
values (which are based on thrust load cell data) was probably causéd by

a time lag in the chamber pressure measurement from which computer
program FB39 calculates cutoff impulse. The time lag, which results from
the finite time required to vent the chamber pfessure transducer during
cutoff transient, has averaged épprbximately 40 ms on previous acceptance
firings and is under investigation by the engine manufacturer. The actual
cutoff impulse was thus less than that calculated by program F839.

Figure 6-26 presents the combustion chamber pressure data for the cutoff
transient and the cﬁtoff transient thrust as computed by program F839 for
the acceptance and verification firings. Figure 6-27 presents accumulated
cutoff impulse from engine cutoff to 11,250 1bf thrust for the acceptance

and verification firings.
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‘6.4 Engine Sequencing

The engine sequencing was satisfactory throughout the acceptance firing

and compatible with the engine logic and acceptance firing test plan.
Figure 6-28 presents the engine start sequence for thg'acceptance
firing; table 6-4 presents the time of significant events during both
firings and compares them to the nominal values. During the engine
verification firing, the sequence data was invalid. Approximate

sequence data was taken from other sources.

An orifice was installed in the gas generator valve control line to delay
the opening of the valve by approximately 65 ms thereby eliminating the

high line pressure effects on the main LOX valve. Satisfactory results

were obtained.

6.5 Component Operation

All of the J-2 engine components performed satisfactorily during the
acceptance firing except the LOX turbopump. The first stage turbine

wheel rubbed against the stator damaging the stator, the turbine wheel,
and the honeycomb seal. Metal particles from the damaged parts caused
additional damage to other parts in the turbine. Engines prior to S/N 2060
have a history of LOX turbopump malfunctions. The specification allows
0.025 in. interference between the rotor and the stator. This has been
exceeded several times including the S-IVB-206 stage acceptance firing.
The problem has been analyzed by the engine manufacturer and the solution
has been to use a thicker first stage turbine wheel thereby minimizing
wheel flexure and maintaining the proper tolerance. The new turbine wheel
will be installed on engine S/N 2060 and subs and any prior engines
requiring a replacement. The S-IVB-206 stage turbopump assembly'

was replaced by one incorporating the thicker turbine wheel, and a

70-sec verification firing was conducted. At present, the best estimate
indicates that the malfunction occurred during the early portion of the

acceptance firing.

The main LOX valve required 2.65 sec to open. This was satisfactory based
on the specified time of 2.110 +0.150 sec for dry valve operation. The

second stage travel was devoid of line pressurization disturbances

=3



indicating the effectiveness of the modification to retard the opening

of the gas generator valve (paragraph 6-4). The main LOX valve opening

.time data were as follows:

Parameter Specification g;zcxzi:e Ac;;gzzgce
First stage travel (ms) 50 +20 46 64
| Prateau (ms) 460 +55 496 500
Second stage travel (ms) 1,600 +75 1,620 2,079
Total (ms) 2,110 i}SO 2,162 2,643
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Figure 6-6. J-2 Engine Chamber Pressure -- Acceptance Firing
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OXIDIZER SYSTEM

Throughout the acceptance firing, the oxidizer system functioned adequately,
supplying LOX to the engine pump inlet within the specified operating
limits. The available net positive suction head (NPSH) at the LOX pump

inlet exceeded the engine manufacturer's minimum requirement at all times.

The LOX tank was satisfactorily prepressurized to the upper pressure switch
setting;lthe ullage pressure then decreased to the low pressure switch
setting as the pressurant cooled. One makeup cycle was required to main-
tain the ullage pressure within the required band. Two vent  cycles were
required to keep the LOX pump inlet pressure less than 52 psia at engine
start. The ullage pressure then decreased normally and recovered after the
secondary flow was activated; secondary flow was required six times. The
ullage pressure, after the usual initial decrease to a minimum, was main-

tained within an operating pressure band of 36.9 to 38.9 psia.

The cold helium consumption was 148 1lbm during the firing.

7.1 Pressurization Control and Internal Environment

The LOX tank pressurization system (figure 7-1) satisfactorily maintained
pressure in the LOX tank throughout the acceptance firing. All components

of the system performed close to their design requirements.

7.1.1 Prepressuvirization

LOX tank prepressurization was initiated 312 sec prior to Engine Start
Command and increased the LOX tank ullage pressure from ambient to 40.2 psia
within 13 sec (figure 7-2). One makeup cycle was required to maintain

the LOX tank ullage pressure before the ullage temperature stabilized. After
the makeup cycle, the ullage pressure decreased to 39.3 psia; subsequently,
the ambient helium purge of the LOX tank vent valve increased the ullage
pressure until ESC -210 sec, when the ullage pressure reached 42 .4 psia

and the vent relief Yalve opened. The valve relieved the ullage until

ESC -120 sec when the vent valve was cycled, and the pressure decreased to
38.6 psia. This was accompiished to maintain the LOX pump inlet pressure

below the 52 psia engine start limitation. The pressure again increased and
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reached the relief setting at ESC -60 sec. The vent valve was again cycled
at ESC -40 sec, and the pressure decreased to 38 psia. At engine start the

pressure was 38.3 psia.

The preséure increased more rapidly than it did on the S-IVB-205 stage
because the larger LOX load caused the ullage volume to be 58 cu ft smaller
than the ullage volume of the S~IVB-205 stage; thereforé, the effect of the
purge on the S~IVB-206 stage ullage pressure was more significant. The pre-
pressurization flowrate varied from 0.25 to 0.33 lbm/sec and was calculated
from temperature and pressure data upstream of the prepressurization control
orifice. During prepressurization, 5.2 lbm of helium were added to the LOX
tank ullage: 3.3 lbm during the main prepressurization and 1.9 1bm during

the makeup cycle.

7.1.2 Pressurization

During the engine firing, the LOX tank ullage pressure was satisfactorily
maintained by the flight pressurization system. At Engine Start Command
the ullage pressure was 38.3 psia. During the start transient, it dropped
to a minimum of 32.9 psia before the pressurant flow increased enough to
cause the ullage pressure to recover. Secondary flow was required six
times during the firing which was two times less than predicted. The
pressure control band was 36.9 to 38.9 psia which was approximately 0.5 psi
less than the post-test pressure switch check of 37.3 to 39.4 psia

(figure 7-3). '

The LOX tank pressurization total flowrate varied from 0.38 to 0.44 lbm/sec
during overcontrol, and from 0.27 to 0.31 lbm/secbduring undercontrol. The
"variation in total flowrate was caused by a variation in the bypass flowrate.

This variation is normal because the bypass orifice inlet temperature

changes with time as it follows the cold helium sphere temperature. Predicted

total flowrates were 0.34 to 0.40 lbm/sec during overcontrol and 0.23 to
0.26 lbm/sec during undercontrol. Helium consumption as calculated by

integrating the total flowrate was 148 lbm.

7.2 Cold Helium Supply

‘At Engine Start Command, the six cold helium spheres were loaded to 251 1bm

of helium at 3,020 psia and 40 deg R. As helium was consumed from the
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spheres, the temperatures of sphere 5, 2, 3, and 1 decreased as expected
(figure -7-4). The temperature of each sphere then increased as the sphere

was uncovered. At Engine Cutoff Command, the cold helium spheres contained

.91 1bm of helium at 700 psia. The sphere temperatures ranéed from 41.2 to

51 deg R. Helium consumption dufiné the firing, based on upper temperature

"and pressure conditions was 160 lbm. A summation of helium flowrates

calculated at theicontrol orifice temperature and pressure conditions indicat
a usage of 148 lbm. The agreement between the two helium consumption valueg
is not as good as usual, but it is still within data accuracy. Also, the
compressibility factor for helium at low temperatures is not accurately
known. Only a small difference in the factor could account.for the

differences noted.

7.3 J-2 Heat Exchanger

The J-2 heat exchanger functioned satisfactorily. At Engine Start Command
the heat exchanger inlet temperature (figure 7-5) decreased gradually and
stabilized near 60 deg R during overcontrol and 70 deg R during undercontrol.
At engine cutoff it was 80 deg R. The heat exchanger outlet temperature
increased to 960 deg R at ESC +80 sec. The temperature then varied between
960 deg R during overcontrol and 990 deg R during undercontrol for the

high engine mixture ratio portion of the firing. After the PU ratio valve
came off the stop, the outlet temperature began to decrease and

reached 930 deg R at engine cutoff. The temperature loss in the 10 ft

of uninsulated line between the heat exchanger outlet and the transducer

was estimated to be 14 deg R during overcontrol and 38 deg R during
undercontrol. The heat exchanger. outlet pressure was normal varying

between 338 to 368 psia during overcontrol and 395 to 420 psia during under-
control. The pressure stabilized at 410 psia after the last overcontrol
cycle. The flow through the heat exchanger was 0.187 to 0.205 lbm/sec during

overcontrol and 0.072 lbm/sec during undercontrol.

Throughout the firing the LOX vent inlet pressure reflected the overcontrol
and undercontrol operations, averaging 68 psia during overcontrol and

48 psia during undercontrol.

A maximum LOX tank vent inlet temperature of 530 deg R occurred during the

first overcontrol mode; the redline value of 560 deg R was not exceeded.
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Figure 7-5 élso shows a comparison of the LOX tank vent inlet temperature

and the thesretical gas mixture temperature. The theoretical mixture
temperature is the temperature that would be obtained by a complete mixing

of the cold bypass gas and the hot gas from the J-2 heat.exchanger neglecting
wall heat transfer. This comparison presents an indicat}on of the heat
transfer to or from the pressurization lines between the mixing point and the

LOX vent inlet.

7.4 LOX Pump Chilldowm

The LOX pump chilldown system performed adequately. At Engine Start
Command the pump inlet conditions of 47.2 psia and 165.3 deg R were
sufficient to produce an NPSH of 30.3 psi, which was well above the required

value of 16.5 psi.

Tﬁe prevalve and gas gemerator bleed valve were open during loading, allowing

LOX to enter the system .and cool the engine LOX turbopump and the recirculation

system before the chilldown pump was started. Recirculation chilldown was

started 145 sec before initiation of tank prepressurization and was terminated

shortly before engine start. The prevalve open command was received at

ESC -4.41 sec. Dropout of the closed signal occurred 0.96 sec later and

was followed by the pickup of the prevalve open signal at ESC -1.62 sec, thus
resulting in a delay of 2.79 sec between command and pickup of the prevalve
open signal. Bubbles, which might have collected under ﬁhe prevalve during
chilldown, were removed by opening the prevalve with the chilldown pump still

running. The chilldown shutoff valve was closed immediately before engine

start.

The LOX pump inlet pressure and the chilldown system fluid temperatures are

presented in figure 7-6.

During the chilldown process the LOX was subcooled throughout the entire
recirculation system. The chilldown flowrate and frictional pressure drop
were respectively 39.3 gpm and 8.4 psi prior to prepressurization; subse-
quently, the flowrate increased to 41.2 gpm with a pressure drop of 9.8 psi
through the system. The flow coefficient, a measure of the flow resistance,
was calculated from the flowrate and pressure drop data. During pressurized
chilldown, it was 16.7 sec /1n.2— (figure 7-7). This value is greater

than the coefficients obtained for the S-IVB-204 and S-IVB-205 stages
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(14.0 secz/in.z-ft3), indicating a higher flow resistance for the

chilidown system.

When the chilldown pump was started, the NPSH at the turbopump inlet increased
from 5.7 to 14.5 psi and remained constant for_2.3 min until prepressurization
occurred at SLO -160 sec. The NPSH then increased to 41.4 psi and varied
directly with the ullage pressure until the prevalve was-opened causing the
NPSH to drop from 39.7 to 30.3 psi as a result of the decrease in pump inlet

pressure.

The heat input rates (figure 7-7) from the tank to the turbopump inlet
(sectipn 1), from the pump inlet to the bleed valve (section 2), and from
the bleed valve to the tank inlet (section 3) were computed using flowrate
and temperature data. These heat input rates decreased rapidly during the
first minute of chilldown and then remained relatively constant during the
subsequent chilldown process. During steady-state pressurized chilldown,
the heat input rates were within the range of those obtained for previous

acceptance firings. These rates were as follows:

Section Rate (Btu/hr)
1 ) 4,000
2- 13,500
3 1,000 |
Total 18,500

7.5 Engine LOX Supply

The LOX supply system (figure 7-8) delivered the necessary quantity of LOX
to the engine pump inlet throughout the engine firing and maintained the
pressure and temperature conditions within a range that provided a LOX pump
NPSH aone the minimum requirement of 20.2 psi at high EMR and 14.3 psi
after EMR cutback. The minimum available NPSH at engine cutoff was 18.5 psi.
During firing, the LOX pump inlet pressure and temperature were very near
the values predicted, resulting in an NPSH pfofile that agreed closely with
predicted values. .The LOX pump inlet pressure was 47.2 psia at engine start
and decreased to 36.5 psia during the first 20 sec of engine operation. It
then cycled with ullage pressure while generally decreasing with time as

the LOX in the tank was consumed, resulting in a decreasing liquid head.
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" The LOX temﬁérature at the pump inlet was 164.7 deg R after the start
transient aﬂd increased withAbulk heating to a maximum of 168.0 deg R at
ehgine cutoff (figure 7-9)-. The available NPSH at the LOX pump iﬁlet was
approximately 30.3 psi at engine start decreasing'to 22,3 psi during the
first 20 sec of engine firing becauée of decreasing ullage pressure. The
NPSH then cycled with the ullage pressure while generally decreasing with
time because of the decreaéing liquid head and increasing bulk temperature.
By engine cutoff, the NPSH had decreased to a minimum value of 18.5 psi which
was well above the allowable minimum of 14.3 psi. The average frictional
pressure drop in the LOX suction duct at high EMR was calculated to be 2.6 psi
at a flowrate of approximately 450 1lbm/sec. After EMR cutback the pressure
drop was 1.7 psi at a flowrate of approximately 380 lbm/sec. These pressure
drops were within the range of values calculated from previous acceptance

firings.

The LOX pump inlet pressure and temperature were plotted in the engine LOX
pump operating region (figure 7-10) and showed that the engine LOX pump inlet

conditions were met satisfactorily throughout engine firing.

The pump inlet temperature was plotted against the mass remaining in the
LOX tank during engine operation. The resulting curve agreed closely with

the results of the S-IVB-204 and S-IVB-205 acceptance firings (figure 7-11).
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Figure 7-1. LOX Tank Pressurization System
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FUEL SYSTEM

" The fuel system performed as designed and -supplied LH2 to the engines

within the limits defined in the engine specification. A detailed evalua-
tion of the data, not possible during the acceptance firing, revealed

that the observer cutoff due to loss of pump NPSH was not necessary.

8.1 Pressurization Control

8.1.1 Prepressurization

LH2 tank prepressurization was ‘nominal; the pressurization system is shown
in figure 8-1 and prepressurization d;ta are presented in table 8-1 and
figure 8-2. Because the supply température data were not available, an
assumed mean temperature based on previous static test experience was

used in the helium mass and flowrate calculations.

8.1.2 Pressurization

LH2 tank pressurization was accomplished satisfactorily with no unusual
conditions or results. Two complete overcontrol cycles were accomplished
before step pressurization because a slightly higher than predicted LH2
flowrate to the engine and a slightly lower than average undercontrol
pressurant flowrate contributed to a more rapid ullage pressure decay.
This was compounded by the lower than usual ullage pressure at Engiﬁe
Start Command which caused the first overcontrol cycle to occur earlier
than previously, with a resultant shorter duration. Step pressurization
began at ESC +301.1 sec, almost .coincident with the termination of the
second overcontrol cycle, and the resultant high ullage pressure levels
caused the tank relief valve to crack open at ESC +407 sec (38.4 psia)

and continue relieving for the duration of the firing.

All measured parameters, as shown in table 8-2 and figure 8-3, were within
the normal dispersion range. The pressurant collapse factor, at a maximum
of 0.85, was again at a low level as a result of the nylon bag inlet
diffuser.

8.2 LH2 Pump Chilldown

The LH2 pump chilldown system performed adequately. At engine start, the

pump inlet pressure of 38.5 psia and temperature of 38.6 deg R were within
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~the start requirements. The available NPSH was 18.0 psi, well above the

required minimum of 6.4 psi.

Systemltemperatures and pressures and the LH2 chilldown pump flowrate
(figuré 8~4) were used to determine fluid and hafdware_temperature condi-
tions, pressure drops, and heat inputs (figure 8-5). The LH2 tank was
loaded with the prevalve and gas generator bleed valve open, which allowed

a partial hardware chilldown before the chilldown pump was started,

Recirculation chilldown was started 195 sec prior to tank prepressurization

and terminated shortly before engine start. To remove any bubbles which
might have collected under it dufing chilldown, the prevalve was commanded
open at ESC -4.412 sec, while the pump was still running. The chilldown

shutoff valve was commanded closed just prior to engine start.

The chiildown pump flowrate (figure 8-4) went through a normal start
transient, reaching a value of 108 gpm at the end of the transient. At
the initiation of prepressurization (SLO -110 sec), the flowrate increased
to and stabiiized at 143 gpm until the termination of chilldown at SLO
+147 sec.

During the initial portion of the unpressurized chilldown, the heat input
rate into section 1 (tank to ‘engine) was close to that required to raise
the LH2 temperature to saturation (21,000 Btu/hr calculated input as
compared with 25,900 Btu/hr required to saturate the liquid). As the
unpressurized portion of the chilldown progressed, the slight increase
in flowrate and a slight decrease in heat absorbtion rate combined to

produce approximately 3.4 deg R of subcooling at the pump inlet.

-The heat input rates to the chilldown system during S-IVB-501, 205, and

206 stage testing are shown in the following table:

Unpressurized (Btu/hr) Pressurized (Btu/hr)
Section S~-1VB- S-IVB- S-IVB- Section S-1VB- S-IVB- S-IVB-
501 205 206 501 205 206
i 18,000 25,900 21,000 1 13,000 21,000 17,500
2 and 3° 30,000 25,000 18,000 2 27,500 13,000 22,000
3 13,500 32,000 21,500
Total 48,000 | 50,000 39,000 Total 54,000 | 66,000 | 61,000
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Only a very general comparison of the heat inputs, particularly those of

the individual sections, can be made because of the large effects of minor

- temperature inaccuracies,

. Immediately after prepressurization, the LH2 pump inlet temperature

decreased as the flowrate increased. After reaching a minimum of 38.2

deg R, the temperature slowly increased as the LH2 bulk warmed until, at
engine start, the temperature was 38.6 deg R. After prepressurization all
of the heat inputs went into heating the pressurized fluid, and no vapor-
ization occurred because all temperatures were less than saturation. After
prepressurization was terminated at SLO -42 sec, the pump inlet pressure
followed the ullage pressure until the prevalve was opened. At that time
essentially all of the flow returned to the LH2 tank through the prevalve
with no flow through the chilldown system. The pump inlet pressure then
decreased because of loss of chilldown pump head to 38.5 psia where it

remained until engine start, The LH2 prevalve sequencing was as follows:

Event Time
Valve open command ESC -4 .412 sec
Left closed position ESC -3.536 sec
Reached open position ESC -1.619 sec

The NPSH at the LH2 pump inlet followed the ullage pressure during pre-
pressurization and reached a maximum of 25.5 psia by the time the prevalve
was opened. It then decreased to 18.0 psi because of the loss of chilldown

pump head.

The flow coefficient, calculated from flowrate and chilldown system pressure
drop data, averaged 18.2 sec2/in.2ft3 (figure 8-5). This value agreed with
those calculated for previous S-IVB stages. The coefficient was used to
compute average fluid quality during the unpressurized phase of the chill-

down.

The average fluid qualit& in sections 2 and 3 where two-phase flow existed

during unpressurized chilldown was 0.025 1bm gas/lbm two-phase mixture.
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The quality decreased to zero during prepressurization when the fluid in
the system became subcooled. The LH2 chilldown system pressure drop was

relatively steady at 9.0 psi during the unpressurized chilldown.

8.3 Engine LH2 Supply .

The engine LH2 supply system (figure 8-6) provided LH2 to the engine
within specifications throughout the firing; however, the LH2 pump inlet
temperature transducer (C0658) was reading approximately 1.6 deg R high,
causing the firing to be manually terminated because of low NPSH, although
the actual NPSH, which was well above the minimum limit of 5.6 psi, was

later calculated to be 10.2 psi.

The LH2 pump inlet static pressure was 38.5 psia at engine start. It
then followed the ullage pressure, reaching a minimum of 26.0 psia at
ESC +125 sec. After step pressurization was initiated, the pressure
increased to 37.5 psia at engine cutoff. After the start transient,
the LH2 température at the pump inlet was 37.3 deg R and increased with
bulk heating to a maximum of 38.6 deg R shortly before engine cutoff
(figure 8-7).

The available NPSH at the LH2 pump inlet at engine start was approximately
18.0 psi. It increased to a maximum of 21.5 psi immediately after engine
start as the LH2 in the suction duct was replaced by the colder LH2 from
the tank, resulting in a lower saturation pressure at the pump inlet,

The NPSH then followed the ullage pressure, decreasing to a minimum of

9.5 psi at ESC +245 sec, which was 3.7 psi above .the minimum required

at that time. It then increased until the initiation of step pres;urization
when it began increasing at a more rapid rate until approximately ESC

+400 sec, because the increasing ullage pressure had a larger effect on

the NPSH than the decreasing liquid head and increasing LH2 temperature.
From this time until engine cutoff, the NPSH decreased slightly because the
tank ullage was being maintained at a constant level by relief valve action,
and the LH2 vapor pressure increase that resulted from the increasing pump
inlet temperature was the driving factor. The actual NPSH profile agreed

closely with the maximum NPSH prediction.
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The average frictional pressure drop in the LH2 suction duct was calculated

to be 0.5 psi at a flowrate of 81 lbm/min. The data indicate that the

pressure drop remained essentially constant following the EMR cutback;

however, the small expected change'of approximately 0.2 psi could have
easily been obscured by the noise level that is apparent on the data.

The pressure drop noted was lower than the range of values (0.9 to 1.5 psi)
noted during previous acceptance firings, but was not unreasonable in view

of data and computational accuracy.

The LH2 pump inlet pressure and temperature were plotted in the engine
operating region (figure 8-8) and showed that the engine LH2 pump inlet
conditions were met satisfactorily throughout engine firing. Figure 8-9 is
a plot of the pump inlet temperature vérsus thé mass remaining in the LH2
tank during burn and includes previous acceptance firing data for comparison.
The S-IVB-206 acceptance firing data agreed closely with the S-IVB-204 and

205 acceptance firing data.

8.4 Special LH2 Chilldown Shutoff Valve Test

Because the’LHZ chilldown shutoff valve failed during S-IVB-202 and
S-1VB-203 stage flights, a special test was.run during the engine
performance verification firing (CD 614072). During this special test,
the program was changed such that the chilldown shutoff valve was not
commanded to clcse. The comparative flowrate through the chilldown |

system during the high EMR engine operations were as follows:

Test . Flowrate (gpm)
S-IVB-202 flight (partially open) 75
S-1VB-203 flight (partially open) 76
S-IVB-206 engine verification 81.5
(commanded open)

The level noted on the S-IVB-206 test was slightly higher than that on
the flights, during which it was supposed that the actuator which

positions the valve was restrained by solidified nitrogen. Since the
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actuator on the flights was supposedly able to move a short distance,

and in fact the valve open signal microswitch was de-activated, the
slightly lower flowrate than that seen during the.S—IVB—206 test tends

to confirm.the proposed failure mbde, ‘The chilldown pumb outlet tempera-
ture profile was also éimilar on all three tests, giving additional

confirmation.

8.5 LH2 Tank Internal Insulation Performance

Since S-IVB-206 is an operational stage, LH2 tank skin temperature
measurements were not installed. Calculation of the effective thermal
conductivity of the stage internal insulation was therefore not possible
for this test; however, the computed equivalent total heating rate
based on a mass boiloff rate of 38.5 lbm/min, was 445,100 Btu/hr. This

heating rate is considered acceptable.
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TABLE 8-1
LH2 TANK PREPRESSURIZATION DATA
' Prepressurization initiation (sec from SLO) -110.1
'Prépressurizatioh termination.(sec from SLO) -41.6
Prepressurizationiduration (sec) 68.5
Hel;um mass used during prepressurization (1bm) 36.4
. Time of tank relief (sec from SLO) N/A
Ullage pressure at termination of prepressurization (psia) 33.6
Ullage pressure at simulated liftoff (psia) 35.0
Ullage pressure at Engine Start Command (psia) 37.5
Ullage pressure at relief valve open (psia) N/A
TABLE 8-2
LH2 TANK PRESSURIZATION DATA
Number of coantrol cycles 2
Control pressurc switch range (psia) 26.8
to
29.1 -
Ullage pressure at Engine Start Command (psi;) 37.6
Ullage pressﬁre at step pressurizaticn (psia) 29.1
Ullage pressure at Engine Cutoff.Command (psia) 38.6
Time of step pressurization (sec from ESC) 301.1
GH2 pressurant flowrate--undercontrcl (lbm/sec) 0.35
GH2 pressurant flowrate--overcontrol (lbm/sec) 0.63
GH2 pressurant flowrate--step before cutback (lbm/sec)i 1.12
GH2 ﬁressurant flowrate—-step after cutback (lbm/sec) 1.04
Total GH2 pressurant mass (1lbm) 281.6
Time of relief valve opening (sec from ESC) 407
Pressure at relief valve operation (psia) 38.4
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PNEUMATIC CONTROL AND PURGE SYSTEM

The pneumatic control and purge systém'(figure 9-1) performed satisfactorily
throughout the acceptance firing. The helium supply to the system was
adequate for both pneumatic valve control and purging; the regulated pressure
was maintained within acceptable limits and all components functioned

normally.

9.1? Ambient Helium Supply

The|ground support equipment (GSE) helium supply was isolated at approxi-
mately 90 sec after simulated liftoff and re-applied immediately after engine
cutoff. Conditions at significént times (figure 9-2) are shown in the

following table:

Time Pressure (psia) Temperature (°R)
Simulated Liftoff €SLO) 3,150 523
SLO +90 sec (GSE isolation) 3,135 520
Engine Start Command (ESC) 3,090 517
Engine Cutoff Command (ECC) 3,010 511

At SLO +90 sec, the pneumatic control sphere contained 1.16 lbm of helium,
which was used at a rate of 0.24 scfm from SLC +90 sec until Engine Cutoff
Command. The total helium consumed from the time the stage was isolated

until Engine Cutoff Command was 0.02 lbm.

9.2 Pnéumatic Control

All engine and stage pneumatic control valves responded properly throughout
the countdown and acceptance firing. The pneumatic control helium regulétor
operated satisfactorily and generally maintained an output pressure of 545 to
520 psia; the regulator lockup pressure of 600 psia was attained at approxi-
mately SLO +240 sec. This is the first stage on which this setting has been
utilized, The system pressure dropped to 470 psia during the start and cutoff

transients. These dips have occurred on all past countdowns and since the

-system pressure recovers quickly, .are considered satisfactory. -
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9.3 Ambient Helium Purges

During thé acceptance firing, ten purge functions were satisfactorily
accomplished. The pneumatic system was isolated-from the GSE at’

SLO 490 sec; therefore, the purges from the facility suﬁply were discontinued
at this time. The purge function cHaracteristics, gas sources, and pﬁrging

periods are listed in table 9-1.

Throughout the acceptance firing the LOX chilldown motor container pressure
was maintained at 40 psia. This demonstrated satisfactory operation of the

system; the design range of 37 to 40 psia was achieved.
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10.

PROPELLANT UTILIZATION SYSTEM

The propellant utilization (PU) system accomplished all. the design
objectives as listed in DAC Report No. SM-47456, Saturn S-IVB-206 Stage

-Acceptance Firing Test Plan.

The PU system bperated satisfactorily in a closed-loop mode with PU

valve cutback occurring at Engine Start Command (ESC) +348.2 sec. Enginé
mixture ratio (EMR) following PU cutback was 4.81:1 as compared to a
predicted value of 4.77:1. Based on extrapolation from the conditions at
cutoff, depletion would have occurred with 44 lbm of usable LH2 onboard
as compared to a guaranteed value of 575 lbm or less resulting in a PU

efficiency of 99.97 pefcent.

10.1 PU System Calibration

The nominal mass sensor calibration was determined from a combination of

empirical and theoretical analysis.

The propellant mass at the lower calibration point was determined from
calculated tank volume and predicted propellant density. The corresponding
capacitance was evaluated from the vendor's sensor calibration data and

previous acceptance firings.

The propellant mass and the capacitance at the upper extremity was
determined fr-m the vendor's calibration data and the experimentally

determined mass-capacitance relationship of the S-IVB-501 stage analysis.

The LOX and LH2 PU mass sensor calibrations were as follows:

PU Mass " Mass
Sensors Picofarads (1bm) Location
LOX 282.61 1,270 Bottom of Inner Element
414.80 195,942 Top of Inner Element
LH2 972.70 206 Bottom on Inner Element
1,189.11 44,901 Top of Inner Element

10.2 Propellant Utilization

10.2.1 Propellant Loading

The propellant loading system indicated propellant loads were 0.347
percent LOX and 0.046 percent LH2 as compared to the desired loads.
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l Guaranteed PU loading accuracy is i}.OOVpercent.

The following is a tabulation of the desired and PU system indicated
propellant loading at simulated liftoff (SLO):

LOX LH2 Total
(1bm) (1bm) (1bm)
Desired :Full Load 193,273 37,046 230,319
(Predicted)
Indicated Full Load 193,669 37,063 230,732
(PU Reading) . :
Difference 4396 ‘ +17 +413
(Indicated Less Desired) (0.205%) (0.046%) (0.180%)

10.2.2 Propellant Mass History

Propellant mass histofy during the acceptance firing is presented in
table 10-1. The propellant load as indicated by the PU system (corrected
for nonlinearities) was within 0.348 percent LOX and 0.436 percent LH2

of the actual loads as determined by the flow integral method. Results
of the flow integral method of mass determination shall be used to
calibrate the PU system capacitance mass sensors to achieve the desired

+1 percent stage loading accuracy for flight.

Flow integral (PA-49) mass values shown in table 10-1 were based on the
analysis of propellant flowrates using engine flowmeter data and thrust
chamber Delta T data. Statistical methods were used to combine the

flow integral mass history results. Residual’m&ss values at engine cutoff
were based on point level sensor data. The flow integral method consists
of determining the mass flowrate of LOX and LH2 and integrating as a
function of time to obtain total consumed mass during firing. The initial
full-loaded mass on board is determined by adding the total boiloff,
pressurant, and final residuals to total consumed mass as shown in the

following table:
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T

/ Additions to Engine ~ LOoX LH2

! Propellant Consumption (1bm) (1bm)
Propellant Residual ‘ 2,216 596
Net Mass Lost Through Boiloff 140 0
GH2 Pressurant Used ' - . 281
Total 2,356 877

;

Bdiloff values are estimated, since the S-IVB-206 stage does not include

ullage temperature measurement instrumentation required to more accurately

define ullage mass.

10.2.3 Propellant Residuals

Propellant residuals were obtained at Engine Cutoff Command (ECC) by both the
PU system and level sensors. Only one level sensor (L0002) in the LH2 tank
and one (L0005) in the LOX tank activated during the acceptance firing. ihe

following table shows the comparison of the PU system and level sensor

residuals.
LOX (1bm) LH2 (1bm)
PU Level PU Level
System Sensor | System | Sensor

Level Sensor (L000S) 10,117 9,838
Activation
(SLO +566.6)
Level Sensor (L0002) 2,414 2,256
Activation .
(SLO +565.88)
Engine Cutoff 2,300 2,216 . 722 596
(SLO +586.913) o

10.3 System Operation

10.3.1 PU System Nonlinearities

Figures 10-1 and 10-2 indicate the normalized nonlinearity of the LH2 and LOX

mass sensor as compared to the flow integral reference. If a smooth curve
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were drawn through these graphs, it would represent the mass sensor-to-tank
mismatch. The LOX mass sensor has a maximum error.of approximately

0.65 percent occurring near the 50 percent level of the tank. The LH2 mass
sensor has a maximum error of approximately 0.30 percent near the 16 percent
lével of the tank. Superimposed on'these hypothetically smooth mismatch
nonlinearity curves are the manufacturing-produced discontinuities in the

linearity.

10.3.2 System Response

PU system valve cutback occurred at ESC +348.2 sec. The predicted cutback
time was ESC +280 sec. The actual mean level of.valve position after cutback
was 7.0 deg higher than predicted.  The major difference between the actual
and predicted PU system response was caused by the LOX turbopump

malfunction. The effect of this malfunction on PU system response was

E23 &3 .3 (.32 E£.32 L .2 o

isolated by determining the known causes of deviations between the predicted

and actual valve response and then assuming the remaining differences were

caused by the malfunction (figure 10-3). The following table summarizes

these deviations.

Description Cutback Time - Valve Position
P Dispersion (sec) Shift (deg)

LOX Turbopump Malfunction +44,2 A +7.0
Open Loop Flowrate Deviation -8.2 -0.7
Loading Deviation +5.0 0.0
PA-49 Mass/Capacitance Deviation +33.8 +2.4
Difference between Predicted and -6.6 -1.7
PA-49 Tank-to-Sensor Mismatch

Nonlinearities

Total : +68.2 +7.0

- The LOX turbopump malfunction (discussed in paragraph 6.3.2) caused the PU
valve cutback time and mean level ‘after cutback to be 44.2 sec later and
7.0 deg higher than predicted; the LOX and LH2 flowrates also verified
these results. A comparison of the predicted and actual integrated

flowrates indicates that the malfunction caused the cutback time to be

Gad Cod Buwd Bd d 6.9 €I @
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46 sec later than predicted and the average level of the valve position

after the cutback transient to be up to 10 deg higher than predicted.

The actual acceptance firing thrust and valve profiles will in general not
be applicable to the future flight test of this stage. The turbopump
malfunction caused the PU system cutback and response level after cutback
to vary significanﬁly from the desired flight response so that a

realistic comparison cannot be made. There also was not sufficient time -
for the cutback transient to settle before the last 70 sec of burn. The
thrust slope and variations during the lasf 40 sec of burn were 15 1lbf/sec
and 2,000 1bf zero-to-peak (thrus; variations are discussed in

paragraph 6.3.2).

The effect of the differences between the predicted and actual pump inlet )
conditions, pressurization rates, and boiloff rates was to decrease cutback
time by 8.2 sec and to shift the level of valve position after cutback by
-0.7 deg.

Indicated loading deviations are the difference between the actual and the
desired indicated loads at ESC. The indicated loading deviations were ’
+396 lbm LOX and +16 1lbm LH2. These differences will cause cutback time to

occur 5.0 sec later than predicted.

The calibration deviations are defined as the difference between the desired
calibration and the actual (derived from PA-49 simulatien) calibration as
calculated from the indicated and actual (from PA-49) initial loads and
residuals. For the S-IVB-206 acceptance firing, the calibration deviations

were -0.40 percent LOX and +0.57 percent LH2. The combined effect of these

- calibration errors was to increase cutback time by 33.8 sec and to shift the

mean value of valve position by 2.4 deg.

The desired reference mixture ratio (RMR) for the S-IVB-206 acceptance firing
was 4.70:1.0; however, due to the expected EMR shift due to tank-to-sensor
mismatch, the bridge gain ratio (BGR) was calibrated to be 4.80:1.0. Calibra-
tion deviations affected the BGR such that the actual ratio was 4.847:1.0.
The acceptance firing results indicate an actual EMR of 4.78:1.0 near the

enqd of burn.

The effect of the differences between the average of previous acceptance

firing tank-to-sensor mismatch results used for the S-IVB-206 prediction and
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the actual S-IVB-206 acceptance firing tank-to-sensor mismatch was to
decrease cutback time By 6.6 sec and to shift the mean value of valve
position by -1.7 deg. The PA-49 tank-to-sensor mismatch including
manufacturing nonlinearities as derived by use of the PA-49 simulation

is given in figures 10-1 and 10-2.

10.3.3 PU Efficiency

The closed-loop PU efficiency was found to be 99.97 percent based on
the extrabolation to depletion of all usable propellants. Using engine
consumption rates at cutoff, extrapolation resulted in a total usable
residual of 43.66 1bm LH2. The propellant consumption flowrates at
engine cutoff were 77.825 lbm/sec of LH2 and 374.467 lbm/sec of LOX and
represent the summation of the total flow through the engine, the boil-

off rates, and the GH2 pressurant flowrate at that time.

PU efficiency in percent is determined by subtracting from one (1.0) the
quotient of usable residual propellant (Ru) at depletion cutoff divided
by the total propellant load (Pt) and multiplying the result by 100

as shown below.

py = @.0 - Ru/Pt:) 100%

10.4 Malfunctions

A malfunction of the LOX turbopump caused the LH2 flowrates to be higher

and the LOX flowrates to be lower than predicted. These two combined

‘effects caused the PU valve cutback to occur later and the valve ‘level

to be higher after cutback than predicted.

:
y
]
]
]
]
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TABLE 10-1
PROPELLANT MASS HISTORY
FLOW INTEGRAL PU SYSTEM(1) DEVIATION(2)
EVENT MASS (1bm) MASS (1bm) (1bm)

' LOX LH2 TOTAL LOX LH2 TOTAL LOX | LH2
‘Simulated 194,09536,730{230,825{193,420( 36,890 230,310 -675 | +160
Liftoff
(SLO)

Engine Start(3)] 194,095(36,730{230,825 193,420(36,890{230,310| =675 | +160
Command (ESC)

SLO +150.769

PU Valve 37,635 7;702 45,337 36,854 7,529 44,383| -781 | -173
Cutback

ESC +348.2

Engine Cutoff 2,216 596 2,812 2,300 720 3,020 +90 | +124
Command

ESC +436.144 -

(1)

(corrected for nonlinearity).

(2)
(3)

The total mass in the tank as determined by the PU system

Deviation of PU system mass from flow integral mass

The masses shown for ESC are considered the same as the masses at SLO.
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11.

DATA ACQUISITION SYSTEM

The data acquisition system is designed to collect, condition, and

transmit information describing the stage environment and performance

of the stage éystems. Functions assigned to this system and evaluated

in this report'are specified in the Instrumentation Program and

Components List (IPCL), Douglas Drawing No. 1B43559.

In general, the performance of the data acquisition system was very good
throughout both the acceptance firing and the engine performance verifi-

cation firing. A measurement ‘summary is presented in the following table.

Total number of measurements assigned. 231
Total number of measurements deleted 56
Total number of active measurements 176
Measurement discrepancies (acceptance firing) 6
Measurement discrepancies (engine verification 8
firing)

Total acceptable measurements (acceptance firing) 170
Total acceptance measurements (engine 168
verification firing)

Measurement efficiency (acceptance firing) 97.0%
Measurement efficiency (engine verification 95.5%
firing) ’

11.1 Instrumentation System Performance

The instrumentation system performance was very good during both the
acceptance firing and the eng{ne performance verification firing. A
summary of the insfrumentation.sysﬁem performance is presented in

table 11-1. Measurement discrepancies that occurred during the accep-
tance firing and engine performance verification firing are listed, with
their qualification comments, in table 11-2. Table 11-3 lists the

inactive measurements.
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Temperature data for measurement C0052-408 was considered questionable
because of its wandering characteristics. Subsequent investigation has
not revealed any difficulties and further checks will be made during the

post static test.

DO007-401 is a RocketdYne pressure transducer with a history of calibra-
tion degradation. It was removed and replaced by Rocketdyne after the
acceptance firing. D0002-403, D0016-425, D0054-410, D0055-424,
D0105-403, and DO184-409 are Douglas type strain gage pressure trans-
ducers which have been determined to be susceptible to RFI and an ECP

is pending to correct this problem. DO0055-424 was removed and replaced
after the acceptance firing because of invalid data and it was again
removed after the engine performance verification firing for the same
reason. D0105-403 had a pressure perturbation problem for which an

ECP has been approved to relocate the transducer. DO0180-424 was removed
for recalibration after indicating pressures 2 percent higher than

expected during the firing.

RACS calibration for both the acceptance firing (To - 41 min) and the
engine performance verification firing (To - 36 min) verified that all
measurements having RACS capability were within acceptable tolerance

except those mentioned above.

Comparison of the PCM and hardwire (strip chart, GIS, FM) data in
tables 11-4 and 11-5 indicates compatible data values.

11.2 Telemetry System Performance

The model 301 PCM assembly was rejected and replaced after acceptance
firing because of low inflight multiplexer calibration levels. Retest
of the assembly disclosed no malfunction, and the analog-to-digital
conversion was within tolerance, although slightly low at full scale.
The rejected assembly was readjusted to improve the analog-to-digital
conversion linearity at the upper end. No problem was observed during

the engine performance verification firing.

.d
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Inflight T/M calibration of the model 270 multiplexers was verified on
all channels during both firings. Low data points were observed on the

CPIBO multiplexer during the acceptance firing; however, postfiring

. flight calibration was requested and no low data points were observed.

' During the engine performance verification firing, noise was evident on

the reference channels, inflight T/M calibration levels and D0001-401,
p0010-401, and D0018-401 strip chart recordings.

Investigation has disclosed that the noise was due to the chilldown
invérters being on. Although there has been no significant degradation
of flight data, the inflight mﬁltiplexer calibration levels indicate
data point dispersion when the chilldown inverters are on; therefore,
it has been recommended that the inflight calibration be verified during .

the time that the chilldown inverters are off during checkout.

In the overall analysis, no loss of data was observed due to loss of

synchronization or excessive data channel noise.

11.2.1 RF Subsystem Performance

No difficulties were encountered in the performance of the RF subsystem.
VSWR's were 1.469:1 for the acceptance firing and 1.473:1 for the engine
performance verification firing. The following table presents the RF

subsystem performance results,

PCM/FM
SYSTEM ACCEPTANCE ENGINE PERFORMANCE .
FIRING (W) VERIFICATION FIRING (W)
PCM/FM transmitter output 16.16 16.4
power (minimum acceptable '
is 15 W)
T/M RF reflected power 0.6 0.6
VSWR (maximum acceptable 1.469 1.473
is 3.1:1)
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11.2.2 Electromagnetic Compatibility

Interference from other stage systems was not observed; however, the
strain gage type pressure transducer exhibited RFI susceptibility

(paragraph 11.1).
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12.
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J

EﬂECTRICAL POWER AND CONTROL SYSTEMS

12.1 Electrical Control System

. All control system events that function as a direct result of a switch

- selector command performed satisfactorily as shown in the sequence of

events (section 5). The system performance of non-programmed events is

presented in the following paragraphs.

12.1.1 J-2 Engine Control System

All event measurements verified that the engine control system responded
properly to the engine start and cutoff commands. The Engine Start
Command (ESC) was given by the switch selector 150.761 sec after
simulated liftoff. Engine cutoff was initiated 587.153 sec after
simulated liftoff.

The engine cutoff (non-programmed) sent a signal to the prevalve delay
timer. The timer output occurred 423 ms later, within specified limits
(425 +25 ms). The main LOX and LH2 valves had closed prior to timer

output. -

12.1.2 Range Safety System

During the engine burn phase, the range safety system was employed for

verification of performance integrity. Evaluation of the data verified

. that the range safety system performed satisfactorily.

12.1.3 Control Pressure Switches

A review of the event and pressure measurements verified that each control
item functioned properly. Each pressure switch and those associated
measurements were evaluated and a description of their performance is

presented in the following paragraphs.

K0102 LOX Prepress Flight Switch-Energized
D0179, D0180 Oxide Tank Ullage EDS 1 and 2 Pressure

The above measurements verified the satisfactory completion of its

designed purpose. The pressure limits of the switch are 37 - 39.5 psia.
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K0105 Engine 'Pump Purge Control Regulator Backup Pressure Switch De-energized
(K0566) Engine Pump Purge Control Module Solenoid Valve Energized
D0050 Engine Pump Purge Regulator Pressure

Switch K0105 was de-energized throughout the acceptance firing and the -

- pressure D0050 never reached the actuation pressure of 130 psia.

K0131 LOX Chilldown Purge Switch De-energized

D0103 He' to LOX Motor Control Pressure

(K0565) LOX Pump Purge Control Motor Valve-Energized
The above measurements verified that this pressure switch was functioning
properly. The pressure limits of the switch is 49 - 54 psia.

KO156 LOX Tank Regulator Backup Pressure Switch—Energized

D0225 Pressure-Cold Helium Control Valve Inlet

The above measurements show that the switch was de-energized during the test

and the pressure did not attain the actuation pressure of 465 psia.

_12.1.4 Vent Valves

The LOX and LH2 vent valves are commanded open and close by GSE, bypassing
‘the switch selector. The vent valves responded to these commands. These
valves are normally closed during simulated powered flight. The LOX and LH2
vent valves performed satisfactorily during acceptance firing. Measurements
reviewed are listed below.

K0001 (K0532) Fuel Tank Vent Valve Closed

K0017 (K0542) Fuel Tank Vent Valve Open

D0177, DO178 Fuel Tank Ullage EDS 1 and 2 Pressure

K0002 (K0533) Oxidizer Tank Vent Valve Closed

K0016 (K0543) Oxidizer Tank Vent Valve Open
D0179, D0180 LOX Tank Ullage EDS 1 and 2 Pressure

12.1.5 Directional Vent Valve

The directional vent valve was commanded to the flight position 30.604 sec
prior to simulated liftoff and remained in this position throughout the

acceptance firing. This was as expected. The following measurements were
reviewed: |

'KO113 Fuel Tank Directional Vent Valve "C'" Closed
KO011l4 Fuel Tank Directional Vent Valve "D'" Closed

.
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©12.1/6 Fill and Drain Valves

!

‘Prior to simulated liftoff, the fill and drain valves were commanded closed

through the umbilical. These valves remained closed throughout the acceptance
firing. After firing, the fill and-drain valves were opened to drain the
rémaining propellants. The data review of the following measurements verified
that the Qalves performed as expected to GSE commands.

k0003 (K0554) Fuel Fill and Drain Valve Closed

K0019 (K0546) Fuel Fill and Drain Valve Open

K0004 (K0553) LOX Fill and Drain Valve Closed
K0018 (K0547) LOX Fill and Drain Valve Open

12,1.7 Depletion Sensors

During LOX loading, LOX level sensor No. 1 and No. 3 cycled abnormally to the
dry condition after having been submerged. After these periods of cycling,
the sensors indicated a wet condition throughout the test. LOX level sensor

No. 2 performed as expected.

During LH2 loading, LH2 level sensor No. 1 cycled abnormally four times after
stabilizing in the wet condition. Following these abnormal cycles, the level
sensor performed satisfactorily. LH2 level sensor No. 2 and No. 3 functioned
satisfactorily. See figure 12-1 for history of performance during the

. acceptance firing.

12.2 APS Electrical Control System

The APS simulator No. 188B was activated for verification of the APS No. 1

and No. 2 engines control functions.

Exhibits of the engine feed valves verify that the electrical control system.

performed within the prescribed limitations.

Listed are the monitored results:

Meas Function Specified Actual
No. Min Value Value
K0132 APS Eng 1-1/1-3 Feed Valves Open 3.2 vdce 4.33
K0133 APS Eng 1-2 Feed Valves Open 3.2 vde 4.22
K0134 APS Eng 2-1/2-3 Feed Valves Open 3.2 vde 4.10
K0135 APS Eng 2-2 Feed Valves_Open 3.2 vde 4.15

The specified minimum value of 3.2 vdc indicates that all of the feed valves
were open.
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12.3 Electrical Power.System

'The electrical power system performed satisfactorily throughout the
acceptance firing. '

Battery voltage and current profiles afe shown in figures 12—2 and 12-3.

12.3.1 Static Inverter-Converter

The static inverter-converter operated within its required limits during the

acceptance firing.

12.3.2 5-Volt Excitation Modules

The performance of the forward No. 1 and No. 2, and.aft 5-volt excitation

modules was satisfactory during the acceptance firing.

12.3.3 Chilldown Inverters

The chilldown inverters performed satisfactorily during the acceptance firing.

During the operation of the chilldown inverters, some data exhibited approxi-
mately 4 percent noise. It has been established the source of the noise was
in the chilldown inverters. An investigation is now underway to determine

the cause.
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13.

i

HYDRAULIC SYSTEM

13,1 Hydraulic System Operation

The hydfaulic system test program was completed successfully during count-
down 614070, a single firiﬂg of 436 sec duration. System running time from
auxiliary pump ON, prior to simulated liftoff, to auxili;ry pump OFF follow-
ing cutoff was 1,717.5 sec. The gimbal program was initiated after the
engine start transient side loads subsided and the engine support links
dropped. The auxiliary pump was turned OFF.for a period after the gimbal
prograﬁ to verify engine-driven pump operation. Test plan objectives were

satisfied and all system variables were within design limits.

Significant event times are presented in the following table:

EVENT . TIME (Sec)
Auxiliary Pump ON To -608.4
Simulated Liftoff (To +0)
Engine Start/Engine-driven Pump START To +150.8
Engine Support Links DROPPED . To +185.5
Gimbal Program START To +198.7
Gimbal Program Complete To +255.0
Auxiliary Pump OFF To +335.9
Auxiliary Pump ON ' T, +451.9
Engine Cutoff/Engine—driven Pump STOP To +586.9
Auxiliary Pump OFF | T° +1,109.1

13.2 System Pressure at Salient Times

The GN2 precharge, corrected to 70 deg F, was recorded as 2,245 psia prior
to the firing and 2,305 psia after the firing. While the inference is that
the precharge may have been 50 psi low, the GN2 gage on the fill chart
indicated an acceptable precharge (2,350 +50 psig) prior to the firing; the

gage reading was greater than telemetered data by approximately 50 psi.
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Hardware system pressure data exceeded telemetered system pressure data by

35 psi, so it is assumed the GN2 data (telemetered) was on the low side of
the allowable instrumentation accuracy (approximately +2 percent). Return
pressure prior to the firing (a bootstrap function of the GN2 precharge) was
79 psia, which can be used to infer that GN2 precharge: (79 psia -27 psia
vent cavity pressure +10 psi seal friction x 37.2 bootstrap ratio) was

2,350 bsig, corrected to 70 deg F, which is what the gage read. In any case,

there waé no-GN2 leakage detected and the accumulator functioned normally.

The auxiliary pump compensator and engine-driven pump compensator were very
similar in output pressure at 3,625 psia. At engine ignition, an increase

to 3,635 psia was observed, but it qﬁickly subsiaed to 3,625 psia. Auxiliary
pump motor amperage data indicated the auxiliary pump was carrying the

system leakage flow, but the compensator settings were so close no change

was detected during the auxiliary pump OFF period (To +335.9 to To +451.9 sec).

GN2 pressure data duplicated all trends in the system pressure data, and
although lower, were within data acquisition accuracy. The accumulator

piston did not bottom in the oil-filled direction.

Significant pressures are presented in the following table:

TIME (Sec) SYST?SSEE§SSURE RESERV?;gizﬁESSURE
To ~-608.4 3,625 i81
To +150.8 3,635 181
To +198.7 to 255.0 3,675 max 193 max
3,550 min 162 min
To +1,109.1 3,625 181

13.3 Reservoir Level at Salient Times

Reservoir level prior to system operation was 93.9 percent at an approxi-
mate average system temperature of 66 deg F, equivalent to 94.5 percent at
70 deg F. Minimum level during operétion was 34.3 percent and the maximum,

prior to auxiliary pump OFF at To +1,1Q09.1, was 39.2 percent.

-

et Gued B3 &

T N L G Red



———

H :

f

13.4' Hydraulic Fluid Temperature History

VTIME (Sec)

ENGINE-DRIVEN

PUMP INLET (°F) RESERVOIR (°F) | ACCUMULATOR GNZ,(°F)
T -608.4 84/97 66 160/68
To +150.8 114 95 68
To +;§g:g to iig :iz 93 to 99 Steady Increase
To +335.9 121 to 129 99. Steady Increase
T° +451.9 136 to 126 103 Steady Increase
To +586.9 130 107 Steady Increase
T, +1,109.1 133 122 70

13.5 Engine Side Loads

Peak loads in the support links and actuators during engine start transients

are presented in the following table (corrected for prestart bias):

ITEM LOAD (1bf)
Pitch Link +23,000
-15,000

Yaw Link +18,000
-23,000

Pitch Actuator +1,178
-12,960

Yaw Actuator +5,300
-10,000

13.6 Hydraulic Fluid Flowrates

Calculated from reservoir fill and emptying rate during system operation:

ITEM FLOW (GPM) | ALLOWABLE (GPM)

System Internal Leakage 0.59 0.40 to 0.80

1.50 min

Auxiliary Pump Flowrate 1.72
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13.7 Auxiliary Pump Power Requirements

FLOW (GPM) CURRENT (AMP) VOLTAGE (VDC)
0.59 43.7 . 57
1.72 75 57

13.8 Miscellaneous

Using acéuatér differential pressure readings from data immediately prior
to and following engine cutoff, the thrust offset (using 164K net thrust)

was 0.026 in. from the stage longitudinal axis, located 16 deg from

ad b
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fin plane II toward fin plane III.
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14. FLIGHT CONTROL SYSTEM

The dynamic response of the hydraulic-servo thrust vector control system -
was measured while the J-2 engine was gimbaled during the acceptance
firing of the S-IVB-206 stage. The performance of the pitch and yaw

hydraulic servo control systems was found to be acceptable.

/14.1 Actuator Dynamics

fThe actuator frequency response of the pitch and yaw hydraulic servo
system for a *1/2 deg sinusoidal signal between 0.6 and 9 cps, and for a
+1/4 deg sinusoidal signal between 0.6 and 2 cps is plotted in

figures 14-1 and 14-2. The acceptable limits are shown and as noted, the

phase and gain response data fall within these limits.

Phase lag between actuator-piston position and command current at 1 cps

is presented in the following table:

SINUSOIDAL COMMAND COMMAND FREQUENCY PHASE LAC
(DEG) (CPS) (DEG)
+ % - pitch 0.88 -34
+ 2 - pitch 0.89 -33
7 - yaw 0.98 -35
t 3 - yaw 0.97 -30

14.2 Engine Slew Rate

A nominal two-deg step command was applied to the pitch and yaw
actuators from which the engine slew rates were determined. The minimum
acceptable slew rate is 8 deg/sec. A nominal slew rate for a two-deg

step without the effects of gimbal friction being felt is 13.6 deg/sec.
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The measured values were found to be acceptable and are shown in the

following table.

. ENGINE TRAVEL ACTUATOR RATE

ACTUATOR CONDITION (DEG) DEG/SEC
' Pitch Retract 0.0 to +2.0 - 11.9
1 Extend +2.0 to 0.0 11.9
Extend 0.0 to -2.0 12.4
Retract . -2.0 to 0.0 11.8
Yaw Extend 0.0 to +2.0 12.7
Retract +2.0 to 0.0 13.0
Retract 0.0 to -2.0 11.5
Extend -2.0 to 0.0 11.2

The minimum engine slew rate was 11.2 deg/sec which corresponds to an
actuator piston rate of 2.32 in./sec when using a conversion of 4.83 deg
of engine rotation per in. of actuator movement. Thus, in all cases, the
actuator exceeded the minimum acceptable rate of 1.66 in./sec, or

8 deg/sec of travel.

14.3 Differential Pressure Feedback Network

The differential pressure feedback network in the pitch and yaw hydraulic
servo valves was operating properly since adequate system damping was
demonstrated by observing the actuator differential pressure measurements
during the-two—deg sEep response tests. The differential pressures
decreased in amplitude as a function of time without appearing to

"ring " (figure 14-3), |

14.4 Cross-Axis Coupling

A minimum amount of cross-axis coupling occurred as seen by the generated

actuator differential pressure in the non-gimbaled plane.
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15.

STRUCTURAL SYSTEMS

Structural integrity of the S-IVB-206 stage was maintained for the vibration,
temperature, and thrust load conditions of the acceptancé firing and the

engine performance verification firiﬁg. Minor structural debonding of supports
in the tunnels occurred, but tliese installations have been repaired. A

number of small voids under the LH2 tank fiberglas cloth liner were detected
after the firings, but these voids have been filled with resin. The aft skirt
purge manifold fabric seal which partially debonded from the LOX tank dome,
appafently due to a pressure pulse at engine ignition, has been rebonded;
whereas, all subsequent S-IVB stages to be acceptance fired will be provided

with a newly designed, improved fabric seal.

15.1 Common Bulkhead

A post acceptance firing visual inspection of the common bulkhead disclosed

no ripples or other abnormalities on the forward face. A growler check of

the bulkhead's forward dome indicated no core-to-dome separation. A dye check
of the forward dome weld seams revealed no cracks, porosity or other defects.
These results, combined with satisfactory common bulkhead pressure decay
checks and gas sample surveys, indicate the dome portion of the bulkhead is
sound. The results of the pressure checks and gas surveys are presented in

Douglas Report No. SM-37540, S-IVB-206 Stage Acceptance Firing 15 Day

Report, dated October 1966.

15.2 " LH2 Tank Interior

Visual inspection of the LH2 tank liner revealed seven voids up to ten sq in.
in area under the fiberglas cloth liner. These voids were not considered
detrimental to thermal insulation of to-structural iﬁtegrity; however, to
insure against further delamination, the voids were filled by injecting resin
through the liner using a hollow needle. The injection holes in the liner

were sealed with resin.

The tank interior inspection also disclosed one crack, seven inches long, in
the fiberglas on the forward dome and several hairline cracks in the LH2 tank
cylindrical liner. The cracks were sealed by bonding-on fiberglas cloth

strips and coating with resin.
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Between firings, an ultrasonic inspection was performed on limited areas of

the LH2 tank cylindrical wall. This inspection was-performed to verify that
ice formation on the tank had not been caused by tank insulation debonding.

The results of this inspection indicated that no insulation debondiﬁg had

occurred.

The visual inspection of the LH2 tank interior also revealed miscellaneous
foreign material in the "V'" block area at the common bulkhead joint. This
material included small polyurethane shavings from the insulation and several
small metal ﬁarts such as washers and rings believed to be from the access
kit. Also a small amount of corrosive or heat discoloration was detected on
the stainless steel weld seams of‘the anti-vortex screen assembly. The

foreign material and the weld discoloration have been thoroughly removed.

15.3 Exterior Structure

A visual exterior inspeqtion of the stage thrust structure, LOX tank aft dome,
aft skirt, LH2 tank cylindrical section, LH2 tank forward dome, and forward
skirt revealed no structural damage after the full duration firing and the
67-sec engine performance verification firing with the exception of minor
debonding of supports. Two completely debonded nylon supports were found in
the main tunnel during post-acceptance firing inspection. Post-engine
verification inspection revealed one completely debonded nylon support in the
main tunnel, one partially debonded aluminum finger type support in the main
tunnel, and one partially debonded aluminum strap in the auxiliary tunnel.

The partially debonded supports were removed and all affected supports were

rebonded using silane primer for preparing the metal surfaces.

.15.4 Aft Purge Manifold Seal

The fabrié seal of the aft skirt purge manifold debonded at numerous places
from the LOX tank aft dome apparently at the two times of J-2 engine ignition.
(The seal was rebonded between firings). This debonding appears to have

been caused by an overpressure pulse at the seal caused by the .T-2 engine
_ignition. Prior to this time, for both firings, the purge manifold had
functioned properly to provide thermoconditioning and purging. Following J-2
engine ignition, the purge manifold is not used in flight; hence, damage to

the seal at the time of ignition is of no significance to flight tests;
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however, for acceptance firing, damage to the manifold seal bonding at the
time of J-2 engine ignition results in a redlstributlon in the continued purge
flow through the skirt, APS modules, and thrust structure. This redistribu-
tion of purge flow has been determined to be of negligible significance. The
equipment and electronics within the aft skirt are protected by the flame
impingement curtain at the bottom of the skirt independently of the condition

of the manifold seal bonding.

A rédesign has been made of the purge manifold whicﬁ will take into account
thefhigh pressure wave which apparently debonds the fabric seal. This
chaﬁge will provide a new, improved fabric seal between frames at

stations 240 and 256, thus making‘the seal independent of the LOX tank dome.
This redesign is being phased in on the S-IVB-207 stage and on the S-IVB-503

stage.

On the S-IVB-206 stage, the fabric seal of the aft skirt manifold has been
rebonded to the LOX tank dome.
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16. THERMOCONDITIONING AND PURGE SYSTEMS

16.1 Aft Skirt Thermoconditioning and Purge System

The aft skirt GN2 purge was initiated prior to LOX loading and maintained

thfoughout the acceptance firing until completion of final tank purges.

16.1.1 Aft Skirt GN2 Flowrate

The GN2 flowrate was maintained between 3,400 and 3,500 SCFM throughout

the acceptance firing.

16.1.2 Aft Skirt GN2 Temperatures

The aft skirt umbilical inlet temperature (C0700) cycled between 104 and
109 deg F throughout the firing. GN2 temperature at the APS module thermo-

conditioning system outlet sensors (C0663) was constant at 90 deg F.

16.1.3 Aft Skirt Umbilical Inlet Pressure

The umbilical inlet pressure (D0767) cycled between 13.3 and 1l4.1 in.
H20 throughout the firing.

16.1.4 Non-Flight Hardware

a. APS Modules:

The flight modules were replaced with two Model DSV-4B-188B APS
Simulators. These replacements functionally represent the flight

module thermoconditioning system.

b. Aft interstage:

The Model DSV-4B-540 dummy interstage was used to support the stage
on the test stand. Use of the dummy interstage lowers the aft skirt
purge system internal pressures very slightly, but does not

materially affect the overall system purge capabilities.

16.2 Forward Skirt Environmental Control and Thermoconditioning Syétem

The forward skirt GN2 purge was initiated prior to LOX loading and maintained
throughout the firing until completion of final tank purges. The Model

DSV-4B-359 Thermoconditioning System Servicer circulated thermally conditioned .

fluid through the thermoconditioning system throughout the firing.
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16.2.1 Forward Skirt GN2 Flowrate

The GN2 flowrafe was maintained at design conditions of 500-600 SCFM through-
out the firing. .

16.2.2 Forward Skirt GN2 Temperature .

The forward skirt GN2 internal temperature (C0768) remained between 52 and
55 deg F throughout the firing.

.16.2.3 Forward Skirt Internal Pressure

The forward skirt internal pressure (D0868) held constant at 0.83 in, H3O0.

throughout the firing. The forward skirt relief valve setting is 2.0 in. HZO'

16.2.4 Forward Skirt Thermoconditioning System Temﬁerature

The thermoconditioning system fluid inlet temperature (C0753) cycled in a

normal manner between 56 and 62 deg F.

16.2.5 Non-Flight Hardware

Model DSV-4B-359 Thermoconditioning System Servicer: The servicer supplies

thermally conditioned fluid to the forward skirt cold plates during all field
station operations requiring power to the forward skirt electronic equipment.
When staged, the cold plates will receive fluid from the NASA instrument unit

thermoconditioning system.
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/
ACbUSTIC AND VIBRATION ENVIRONMENT

A total of fourteen vibration measurements were monitored during the
acceptance firing and/or the engine performance verification firing.
Eleven measurements provided usaﬁle data, one did not provide data, and
the data from two measurements were considered usable only for trend

purposes. There were no acoustic measurements monitored.

?herg was no evidence of any vibration problems during either firing.
There was an anomaly in the data from the LOX feedline measurements
during the acceptance firing. Although the cause of the anomaly was not
determined, the instrumentatioﬁ systems were modified and valid data were

obtained during the engine performance verification firing.

17.1 Data Acquisition

All measurements were monitored via the hardwire link, and were FM
recorded. The frequency responses of the recording systems used were from
5 to 500 cps and from 5 to above 3,000 cps. A list of the measurements is
presented in table 17-1 and the accelerometer locations are shown in
figure 17-1. Included in the table are composite levels measured during

start transient and mainstage of both firings.

A major problem was encountered with the LOX feedline measurements during
the acceptance firing which invalidated six of the measurements. The
problem appeared to be connected with the Instrumentation system; there-
fore, to alleviate repeating the same problem during the engine verifica-
tion firing, a different instrumentation system was installed resulting
in only two measurement failures. The specific reasons for the invalid

data during the acceptance firing have not been determined.

17.2 Vibration Measurements

The vibration measurements were limited to the engine and LOX feedline.

The four engine measurements included one at the LOX turbopump, one at the
LH2 turbopump, and two on the combustion chamber dome. The data from
these measurements are shown in figure 17-2. The data from the LOX and

LH2 turbopump measurements exhibited the same spectrum shape as those
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from pasﬁ acceptarce firings; however, the overall-amplitudes were

10 to 20 db lower, indicating a possible error in calibration. These
data should be used only for trend purposes. The vibration levels on the
combustion chamber dome were in good agreement with those from past

acceptance firings.

The data from the engine measurements did not indicate any trend that
could be correlated to the problem with the LOX turbopump degradation

during the acceptance firing.

Ten measurements were located on the LOX feedline in locations similar to
those monitored during formal qualification tests to determine the vibra-
tion input and response of the duct (figure 17-3). The data from these
measurements verified the adequacy of the vibration test levels and test

setup in the formal qualification tests of the LOX feedline.
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18.

{
RELIABILITY AND HUMAN ENGINEERING

18.1 Reliability Engineering

All functional failures of Flight Critical Items (FCI) and Ground Support
Equipment/Special Attention Items (GSE/SAI) were investigated by Reli-
ability Engineering. Significant malfunctions of Flight Critical Items

documented are noted in table 18-1.

18.2 Human Engineering

A Human Engineering evaluation‘of the S-1IVB-206 stage acceptance firing
was performed. During the test stand inspection, following propellant
loading, personnel were required to re-torque one of the valves on the LH2
valve complex. It was discovered that a spark-resistant torque wrench ’
was not available to perform this task safely; however, a standard
spark-resistant wrench was used. It has been recommepded that a spark-
resistant torque wrench be included with the tools available prior to

countdown initiation.

During this acceptance firing, the Vehigle Monitor Panel meter overlays
were employed (successfully) as recommended in HER A45-058. Saturn
Propulsion requested-that Human Engineering provide meter overlays for
each acceptance firing. A fabrication order is in préparation authorizing
the development of aluminum overlays with silk-screened scale values for
all-weather conditions on the test stands. These overlays provide meter

scale values in psia so that they can be read accurately (without the

_ requirement for conversion) on the television monitor in the Test

Control Center (TCC).

A Human Engineering evaluation was performed of the refiring of S~IVB-206
stage on 14 September 1966, It was observed that personnel at the Sony

video tape recorder positions did not have a countdown clock in their

"field of vision in the TCC. HER A45-059 recommends that an additional

countdown clock be installed in the instrumentation area of the
Complex Beta TCC within the normal field of vision of the Sony and

oscillograph recorder positions.
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ENGINE PERFORMANCE PROGRAM (PA49)

This appendix contains the digital printout of computer program PA49.
which is a compilation of computer programs AA89, G105, aﬁd F823.

Thése computer programs are the‘methods employed in the propulsion
sfstem performance reconstruction of the S-IVB-206 stage acceptance
firing. The performance analysis and associated plots are presented in

section 6.

Printout symbols are presented in table AP 1-1 and the digital printout

is contained in table AP 1-2.
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WDOTF1
EMR 1
ISP 1
MSUBO1
MSUBF1
FSUB2
WDOTT2
' WDOTO2
WDOTF2
EMR 2
ISP 2
MSUBO2
MSUBF2
FSUB 3
WDOTT3
WDOTO3

WDOTF3

210

| TABLE AP 1-1
i PROGRAM PA49 PRINTOUT SYMBOLS

Stage thrust from
AA89 (1bf)

Total flowrate from
AA89 (1lbm/sec)

LOX flowrate from
AA89 (1bm/sec)

LH2 flowrate from
AA89 (lbm/sec)

Engine mixture ratio
from AA89

Spécific impulse from
AA89 (sec)

LOX mass onboard from
AA89 (1bm)

‘ LH2 mass onboard from

AA89 (1bm)

Stage thrust from G105
(1bf)

Total flowrate from
G105 (1lbm/sec)

LOX flowrate from
G105 (1lbm/sec)

LH2 flowrate from G105
(1bm/sec)

Engine mixture ratio
from G105

Specific impulse from
G105 (sec)

LOX mass onboard from
G105

LH2 mass onboard from
G105 (1bm)

Stage thrust from
F823 (1bf)

Total flowrate from
F823 (1lbm/sec)

LOX flowrate from
F823 (1lbm/sec)-

" LH2 flowrate from F823

(1bm/sec)

EMR 3
ISP 3

MSUBO3

MSUBF3

FSUB4

WDOTT4

WDOTO4

WDOTF4

EMR 4

ISP 4

MSUBO4

MSUBF4

THRUST

T FLOW

O FLOW

F FLOW

*EMR*

*ISP*

0 MASS

F MASS

Engine mixture from F823

Specifié impulse from
F823 (sec)

LOX mas$ onboard from
F823 (1lbm)

LH2 mass onboard from
F823 (1lbm)

Predicted stage thrust
(1bf)

Predicted total flowrate
(1bm/sec)

Predicted LOX flowrate
(1bm/sec)

Predicted LH2 flowrate
(1bm/sec)

Predicted engine mixture
ratio

Predicted specific impulse
(sec)

Predicted LOX mass onboard
.(1bm)

Predicted LH2 mass onboard
(1bm)

Composité stage thrust
(1bf)

Composite total flowrate
(1bm/sec)

Composite LOX flowrate
(1bm/sec) .
Composité LH2 flowrate
(1bm/sec)

Composite engine mixture
ratio

Composite specific

impulse (sec)

Composite
(1bm)

Composite

LOX mass onboard

LH2 mass

onboard (1bm)

6
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TABLE AP 1-2 (Sheet 1 of 4)
—
- Ting .30
Fsun 1 Fsus 2 FSUN » wootTL 222008, 891 222872.113 321,069
wooTT2 wo0TTP T FLOW %00102 827, M08 504, 791 443,022
»0OYOP 0 FLOW wOOTFL w0OTFP 419,649 440,046 81.142
— ¥ SLOW [ 1 I8} e 2 [T{I] 84,011 5,273 S.247
158 1 130 2 150 . nSyUs0Y 428,944 421,647 423,726 191015.088
ASURD2 nsyaqe 0 mass n3uerF2 191005.123 190850, 201 191010.10¢ 365%6. 669
“ NSUSEP F omASS 36445.330 36%41.302
4 R .
9.%0
2,788 0.000 96,690 3.527 226037,818  220124,.992 227630 ,487 220081, 404 527,512
a.non 2.600° 3.527 0.304 s31.1%9 537,209 3,69 “r.200
[ 1.916 0.000 1.379 6.000 456.%6 oas, ney 82,843
6.000 0.222 0,000 0.111 63,053 “ <308 $.313
16,354 37,494 0.c0n 28,926 193273.000 26, TC6 133 422,17 423.331 199873.45)
193273.100 193273,000 193273.000  © 37045,000 37046.000 190539.038 19040 190366 .244 36442,018 38472.302
- 30909, 000 37048.7%C0 302,813 38487, 160
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ABBREVIATIONS
ITEM TERM ITEM TERM
ac Alternating current He Helium
Act Actuator hr Hour
APS Auxiliary Propulsion System Hyd Hydraulic
Attch ’Attach in. Inch
Btu ‘British thermal unit IP&CL Instrumentation Program and
Component List
Cfm Cubic feet per minute IU Instrumentation unit
Contr | Control ’
K Kilo = 1,000 or 103
cps Cycles per second
ke Kilocycle
s Inc.
DAC Douglas Aircraft Company, Inc KSC Kennedy Space Center
db Decibel
dc Direct current 1bf Pounds force
DDAS | Digital Data Acquisition System 1bm Pounds mass
Disch | Discharge LH2 Liquid hydrogen
DPF Differential Pressure Feedback Loe Location
LOX Liquid oxygen
EBW Exploding Bridgewire
ECC Engine Cutoff Command ms Millisecond
E/I External/Internal MSFC Marshall Spéce Flight Center
EMI Electromagnetic Interference NASA National Aeronautics and Space
I .
EMR Engine mixture ratio Aduninistration
ESC Engine Start Command NPSH Net positive suction head
FLT Flight PAM Pulse amplitude modulation
fe Feet PCM Pulse code modulation
™M Frequency modulation pf P1cofa;ad
FIC | Florida Test Center Posit Position
Fud Forward pPPSs Pulses per second
Press Pressure
66 Gas generator psia Pounds per square inch, ébsolute
GH2 Gaseous hydrogen . ,
psid Pounds per square inch,
GN2 Gaseous nitrogen differential
gpm Gallons per minute psig Pounds per square inch, gauge
GSE Ground support equipment - | Pt Point ]
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ABBREVIATIONS
ITEM TERM ITEM TERM
PU Propellant utilization sw Switch
Pwr Power Syst | System
R Rankine TAN Tangential
RAD Radial Temp | Temperature
Refl | Reflected /M Telemetry
Reg Regulator TP&E | Test Planning and Evaluation
RF Radio frequency TRW Thompson~Ramo-Wooldridge
Reference mixture ratio Vac Volts alternating current
RSS Root sum square (100 vac)
SCI | Standard cubic inch v Volts
scim | Standard cubic inch per minute Vib Vibration
scfm | Standard cubic foot per minute vde volts direct current
sec Second W Watts
STC Sacramento Test Center
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